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INTRODUCTION 
The study of pathogens for control of insects has been underway for 
over a century. In recent years the science of insect pathology has made 
tremendous advances. Steinhaus (1960) emphasized this and also outlined the 
future challenges for this rapidly developing field. Basically he stated 
that all possible information must be gathered concerning an insect pathogen 
so that it can be best utilized for microbial control of insects. There­
fore, the following research was undertaken to gain more basic information 
on the effects of two insect pofhngmns of the European corn borer, Ostrinia 
nubilalis. 
The European corn borer is susceptible to several pathogens. Those 
known to be most effective are a bacterium, Bacillus thuringiensis, a 
protozoan, Perezia pyraustae. and a fungus, Beauveria bassiana. Extensive 
research has been carried out on the biology and histopathology of the corn 
borer when infected with these organisms (Lefebvre, 1934; Zimmack et al., 
1954; Zimmack and Brindley, 1957; Kramer, 1958; Sutter and Raun, 1966, 1967; 
Raun et al., 1966). Also much work has been done on the use of B. bassiana 
and B. thuringiensis for corn borer control (York, 1958; Raun, 1963; Raun 
and Jackson, 1966). 
One aspect which has not been investigated is the effect pathogens have 
on the overall body metabolism of an insect. Therefore, manometric tech­
niques were utilized to measure the oxygen uptake by the European corn borer 
when infected with B. thuringiensis or P. pyraustae and when disease-free. 
Oxygen uptake is an indicator of the general rate of metabolism. 
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REVIEW OF LITERATURE 
European Corn Borer 
The European corn borer was introduced into the United States in 1917 
(Vinalj 1917) and has since become a major pest of corn. Research on this 
important insect has been reviewed by Brindley and Dicke (1963). 
Oxygen Uptake by Insects 
Previous research on oxygen uptake by the European corn borer was done 
with late-instar insects which were reared under diapause inducing condi­
tions (Mutchmor and Beckel, 1959; Beck and Hanec, 1960; Lynch and Lewis, 
1968; Lynch, 1969). These workers concluded that after the borer 
has developed through the 5th instar under these conditions the oxygen con­
sumption per mg of insect decreases. Oxygen uptake by the corn borer reared 
under non-diapause inducing conditions has never been reported. Richards 
(1964), however, recorded oxygen uptake by the egg of the European corn 
borer. Eggs which had completed 75 percent of embryonic development con-
3 t I 
sumed 0.883 mm Og/egg/hr ac 25 C. No weights were given, making calcula­
tions on a per mg basis impossible. 
Most of the research on oxygen uptake through the complete life cycle 
by holometabolous insects has utilized the silk worm. Bombyx mori (Hsueh) 
and Tang, 1944); the greater wax moth, Galleria mellonella (Taylor and 
Steinback, 1931; Beck, 1960; Burkett, 1962) or several species of sawflies 
in the super family, Tenthredinoidea (Slama, 1959). 
Hsueh and Tang (1944) reported that unfertilized eggs of jB. mori con­
sumed 0.0187 mm^ 02/mg/hr and fertilized eggs consumed 0.056 mm^ 09/mg/hr at 
24 C immediately after oviposition. They also reported that the weights of 
3 
B. morl larvae ranged from 0.35 mg in newly hatched larvae to 2418 mg in 
mature last-instar larvae. During this growth period the oxygen uptake of 
live larval tissue was 2.95 mm /mg for newly hatched larvae, decreasing to 
0.32 mm^ for the latter stage of development. Pupae of B. mori averaged 
640 mg in weight and exhibited a U-shaped oxygen uptake curve. At the onset 
3 
of pupation the female pupae consumed 701 mm O2 per insect. This decreased 
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to a low of 240 mm between the 3rd and 12th days and increased to 54.0 mm 
of oxygen per pupa prior to adult emergence. Female adult B. mori weighed 
600 mg prior to fertilization and oviposition and the male 200 mg. At this 
time the females consumed 390 mm^ of O^/insect/hr and the males 272 mm^. 
Beck (1960) measured the oxygen uptake by G. mellonella while the 
larvae were actively feeding on rearing media in the manometric flasks. He 
O 
reported an oxygen uptake of 33.9 mm /mg of live larva per hour at 25 C for 
insects weighing less than 5 mg, 34,7 mm^ for insects weighing between 5 and 
3 10 mg, and then a decline to 9.3 mm for insects weighing in excess of 
100 mg. 
Taylor and Steinback (1931) measured the oxygen consumption of G. 
mellonella during pupal development. Determinations were made at 30 C with 
pupae of an average weight of 100 mg. A U-shaped curve was established 
with the low readings occurring approximately 60 hours after pupation 
followed by an increase until 160 hours after pupation at which time there 
was a small decline just bcTore adult emergence. At the low point of the 
curve the male pupae consumed more oxygen per mg than did the females al­
though the females had a higher maximum. The male maximum and minimum were 
1176.9 mm^/g, and 480.8 nm^/g respectively; and the female maximum and mini-
3 3 
mum were 1406.3 mm /g, and 452.6 mm /g respectively. 
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Data from a curve by Burkett (1962) describing the effect of tempera­
ture and oxygen tension on respiration of G. mellonella. showed adult males 
3 3 
consumed approximately 2.0 ram 02/mg/hr compared to 1.4 mm 02/mg/hr for 
females at 25 C. 
Slama (1959) measured the oxygen consumption by sawflies of several 
species. He reported that the highest rate of oxygen uptake per g of larvae 
per hour occurred during the 2nd instar and then decreased throughout the 
larval life. The faster growing species consumed more oxygen per g than 
did the slower developing insects. A rapidly growing species consumed 
3000 mm^ C^/g/hr in the 2nd instar and then declined to 250 mm^ O^/g/hr in 
the 5th instar. Comparatively, a slower developing species consumed 1000 
3 
mm 02/g/hr in the 2nd instar and then decreased to 100 mm C^/g/hr in the 
5th-instar. 
jB. Thuringiensis 
Steinhaus (1949) stated that the bacterium B. thuringiensis was first 
isolated from the Mediterranean flour moth, Anagasta kuhniella (which he 
called Ephestia kuhniella) by Berliner in 1915. Keimpel and Angus (1958) 
stated that this bacterium belongs to the "Bacillus cereus group." 
B. thuringiensis is pathogenic to over 137 different species of in­
sects (Heimpel, 1967). Heimpel has critically reviewed the literature on 
B. thuringiensis. Therefore, only the pertinent research on the effect of 
this bacterium on the European corn borer will be reviewed here. 
thuringiensis has a vegetative stage which produces a spore or 
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resting form. A parasporal body referred to as the crystal or B. thur-
ineiensis delta-endotoxin, is formed by the spore. Sutter and Raun (1966) 
separated the components, spore, crystal, and exotoxin (thermo-stable sub­
stance free from vegetative, crystal and spore). The crystal and spore 
were administered together or separately to see what effect these bacterial 
entities would have on corn borer survival. The spore or crystal treatments 
retarded larval growth although these insects did pupate. One hundred per­
cent of those fed crystals alone emerged, and 80 percent of those fad 
spores emerged. The larvae fed the exotoxin showed no detrimental effects 
from this bacterial component. The combination of spores and crystals 
killed all larvae within nine days. Therefore, these authors concluded that 
exotoxin has no pathological effect on the borer and a combination of 
crystals and spores is necessary for larval mortality under the conditions 
of their experimentation. 
Sutter and Raun (1967) studied the mode of action of B. thuringiensis 
on the corn borer. When larvae were fed a B. thuringiensis preparation con­
taining equal numbers of spores and crystals the mid-gut epithelial cells 
were sloughed, thus exposing the basement membrane to attack by the vegeta­
tive rods. The crystal produced gut paralysis. The vegetative rods pene­
trated the peritrophic membrane, the disrupted epithelial tissue, and 
eventually the basement membrane. When the latter was destroyed the gut 
contents mixed with the hemolymph and the infected larvae died. All larval 
instars of the borer responded to B. thuringiensis in the above manner. 
Larvae which did not die from the above treatment had no \cj,itative stages 
of the bacterium in the hemolymph. 
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Effect of Bacteria on Oxygen Uptake 
Lyaenko and Slama (1959) injected suspensions of Serratia marcescens 
into the hemelymph of diapausing female pronymphs of the sawfly, Cephalia 
aleiotis. and measured the oxygen consumption. Manometric techniques were 
employed at 25 C. The oxygen consumption of the sawflies injected with 
3 
marcescens increased from 80 mm /insect/hr prior to injection to a maxi-
3 
mum of 300 mm /insect/hr for the highest administered dose. The peak of 
oxygen consumption was at 40 hours following injection. 
Weiner et al. (1969) measured the rate of oxygen uptake by larvae of 
the Japanese beetle, Popillia laponica which were diseased with Bacillus 
popilliae. The mean oxygen uptake was 0.312 jLLl/hr/mg in diseased 3rd-
instar larvae compared to 0.392 jJLl in healthy larvae. No correlation was 
established between the concentration of microorganisms in diseased larvae 
and oxygen uptake. 
P. Pyraustae 
Paillot (1928) described a protozoan from the European corn borer in 
Europe which he designated P. pyraustae. KotIan (1928) also described a 
protozoan from the corn borer in Europe but designated it Nosema pyraustae. 
Steinhaus (1949) suggested that N. pyraustae described by Kotlan and 
P. pyraustae described by Paillot are possibly the same species. 
P. pyraustae is a microsporidian of the family Nosematidae. It has a 
multistep reproductive cycle consisting of schizonts, sporonts, and spores. 
Hall (1952), in the first detailed report of P. pvraust&a from the corn 
borer in the United States, described the reproductive cycle of this micro­
sporidian, which was later radescribed by Kramer (1959b). In Nosematidae 
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the genera Glugea and Perezia are both characterized by the production of 
two spores by each sporont. However, host tissues become greatly hyper-
trophied when parasitized by Glugea (Weiser, 1961), Maddox (1968) refers 
to the microsporidian of the corn borer as G. pvraustae. since Weiser (1961) 
has combined the two genera into a single genus, Glugea. Wen (1965) exam­
ined the microsporidian from the European corn borer in China and desig­
nated it as N. pvraustae. He found one spore and two spores formed from 
each sporont but the majority of the sporonts produced only one spore, typi­
cal of the genus Nosema. In this study the microsporidian of the corn 
borer will be referred to as P. pvraustae since, according to Weiser (1961), 
Glugea is a parasite of vertebrates and Perezia is a parasite of inverte­
brates. Also Kudo (1966) in his text of protozoology did not refer to 
Weiser's revision. 
P. pvraustae is an intracellular parasite which is transovarially 
transmitted from one generation to the next. Zimmack and Brindley (1957) 
found spores were transmitted to the progeny in the egg. Kramer (1959a) 
found that sporoplasms and schizonts as well as spores are transmitted in 
this manner. Also one or more stages can be found in the same egg. The 
spore has been found by Zimmack and Brindley (1957) in all developmental 
stages of the com borer and in several different tissues. The Malpighian 
tubules are the primary host tissue in the late-inster larvae. The adult 
female harbors all stages of P. pvraustae in the genital tract. Kramer 
(1959a) states that, although spores can be found virtually throughout the 
insect body, this does not indicate that all tissues are infected by P. 
pvraustae. instead spores are probably sloughed from an area of infection 
and carried by the hemolymph to other areas of the larva. All stages of 
8 
the protozoan were found in the Malpighian tubules and silk glands of the 
larvae and the reproductive structures of the adult female (Kramer, 1959a). 
Zimmack and Brindley (1957) and Kramer (1959a) found that the presence 
of P. pvraustae shortens the post-pupal life of the corn borer and reduces 
the fecundity of the female adult. 
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MATERIALS AND METHODS 
Source and Rearing of Insects 
European com borer larvae for this research were collected from corn 
stalk debris during December of 1965, stored at 4.4 C for three months, iso­
lated in 2-dram shell vials containing a moistened blotter strip with a 
screen wire cap, and then incubated at 26.7 C, 75 percent relative humidity 
with continuous light until pupation. At this time the pupae were placed 
in an oviposition cage, 24 x 12^ x 18 inches for emergence (Guthrie et al., 
1965). The adults were incubated at 26.7 C for 18 hours with constant 
light and at 18.3 C for six hours with no light. The relative humidity was 
maintained between 80-85 percent at all times. These conditions produce 
maximum mating and oviposition (Sparks, 1963). 
The eggs from these adults were used to establish a colony which was 
maintained for the duration of this research. Since the effects of P. 
pvraustae were to be evaluated in this study, the technique of Raun (1961) 
was used to eliminate the P, pyraustae spores from the colony. This in­
volves submerging 2-day-old corn borer eggs in a 43.3 C water bath for 30 
minutes. When this procedure is followed for two consecutive generations 
the colony is usually free from this microsporidian. When the larvae 
hatched they were placed in a 5-dram shell vial containing a plug of wheat 
germ diet (Lewis and Lynch, 1969) and then incubated at 26.7 C, 75 percent 
relative humidity with continuous light (Guthrie et al., 1965). Under these 
conditions the larvae pupate in 15 to 21 days. At 21 days the pupae were 
placed in the oviposition cage and incubated as described above. This 
colony was reared for four generations and then checked for P. pvraustae 
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by the technique of Raun et al. (1960), at which time it was free of P. 
pvraustae spores. 
Insects used for evaluating the effect of P. pvraustae on oxygen uptake 
by the corn borer were from the colony described above, but were infected 
with spores of P. pvraustae. Three hundred newly hatched larvae were placed 
in a ten-inch diameter plastic dish (Guthrie et al., 1965) containing wheat 
germ diet (Lewis and Lynch, 1969), and 10 ml of a distilled water suspension 
containing 40 x 10^ P. pvraustae spores/ml was dispensed over the media. 
When mass-reared, 100 percent of the uninfected larvae become infected with 
this microsporidian by ingesting the spores from frass of another infected 
larva. After one generation of mass rearing the P. pvraustae infected 
colony was also maintained in vials. 
Manometry 
Standard manometric techniques (Umbreit et al., 1964) were employed in 
this study. The instrument was the Warburg constant volume respirometer, 
consisting of a flask, open-arm type of manometer, and constant temperature 
water bath. The Warburg apparatus operates under the principle that at a 
constant temperature and constant pressure the amount of gas produced or 
consumed by the test material in the flask is measured by a change in its 
pressure. These pressure changes cause a change in the level of Krebs' 
manometer fluid (Krebs, 1951) in the open arm of the manometer. These 
pressure changes are recorded and the gas volume is calculated with the 
equation x = hk, where x = amount of gas consumed or produced, h = change 
in height of manometer fluid corrected for barometric pressure change and 
k • the flask constant. Tlie flask constant is calculated from the following 
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formula: 
k = Vg ^ - + Vfa 
__ 
where Vg = volume of gas phase in flask, Vf = volume of test material and 
KOH in the flask, T = temperature of flask on absolute scale, Po = standard 
pressure expressed in terms of the manometer fluid, Q, = solubility of 
oxygen in water at the operating temperature, Vg is calculated from the 
equation Vg = V - V^ where V is the calculated volume of gas in the flask 
down to the referents point of the manometer. 
The flasks were calibrated with mercury by the technique of Umbreit 
et al, (1964) and the manometers were calibrated, using mercury in a 
microcalibrator, by the technique of Lazarow (1949). 
This study was carried out at 26.7 C; therefore, T = 299.7 and d = 
.027, V£ included the KOH (0,5 ml in the 15-ml flasks and 0.3 ml in the 5-
ml flasks) plus the volume of the insects. The volume of the insects was 
determined by measuring the amount of 95 percent ethyl alcohol displaced by 
25 insects, and then calculating density figures for use with all stages 
and ages of development. 
Determ:'.naticn of oxygen consumption by normal insects 
An oxygen uptake curve for normal corn borer larvae was first estab­
lished so that comparisons could be made with corn borer larvae and pupae 
infected with P. pv:austae or B. thuringiensis. (In this research normal 
refers to corn borers not infected with P. pyraustae or B^. thuringiensis.) 
All previously published work on com borer oxygen consumption was done with 
diapausing insects (Mutchmor and Beckel, 1959; Beck and Hanec, I960; 
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Lynch and Lewis, 1968; Lynch, 1969). 
Oxygen uptake measurements were made on larvae from 0 days of age (the 
day of hatch and before any diet feeding) through 14 days of age. Pupal 
oxygen uptake was measured from day 1 of the pupal period through the 7th 
day of pupal life. Day 1 was designated as the first time pupae were ob­
served, so at each age of pupal life the age was + 12 hours. The oxygen con­
sumption of adults was measured from day 1 through day 3. Again the age is 
+ 12 hours. 
More than one larva was used per flask in ages from 0 through 6 days 
since the oxygen uptake was very low per individual. All larvae from 7 
through 14 days were allowed to pupate after the oxygen measurement and 
sexed so as to make comparisons between sexes. Five and 15-ml flasks were 
employed. The 5-ml flasks were used for 0 through 14 day larvae and pupae 
and the 15-ml flasks were used for 7-day larvae through adult insects. 
On the day of measurement the flasks were prepared with the proper 
amount of 20 percent KOH in the center well for CO2 absorption, the water 
bath was set at 26.7 C + 0.1 C, the larvae were taken from the diet plugs, 
weighed, and placed in the flasks. The flasks were attached to the manom­
eters and placed in the water bath. In all determinations one flask was 
used as a thermobarometer. A period of 15 minutes was allowed for equili­
bration and then the manometers were adjusted and closed. At the end of 
one hour the manometer readings were taken, the larvae from 7 through 14 
days were returned to the diet plugs and allowed to pupate. Younger larvae 
were discarded. In all determinations the instar was determined so that 
the developmental stage was uniform within each age group. 
The instars of the larvae were determined by the criterion of Caffrey 
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and Worthley (1927). With a little practice the correct instar could be 
assigned from visual observations. 
The oxygen measurements were made on the pupae and adults in the same 
manner. All results were calculated in mm^Og/mg insect/hr and mm^Og/insect/ 
hr. 
Determination of oxygen consumption by P. pyraustae-infected insects 
Due to the high error involved in determinations for 0 through 6-day 
larvae, only 7 through 14-day larvae were used when determining the effect 
of P, pyraustae on the oxygen uptake. 
The same techniques were employed for oxygen uptake as described before. 
After manometry, larvae were sacrificed to determine the number of P. 
pyraustae spores; therefore, the sex of the larvae could not be determined. 
The number of P. pyraustae spores was determined by the technique of Raun 
et al. (1960). This involves weighing ths larva, adding distilled H2O 
at the rate of 0.1 ml for each 3 mg of insect weight and then homogenizing 
the insect. A loopful of this hcmcgenate is then placed on one side of a 
double chambered improved Neubauer hemacytometer and covered with a cover 
slip. A total of 20 of the smaller squares are examined in each corner and 
the center of the chamber for P. pyraustae spores. These squares are each 
1/400 mm^. By multiplying the number of P. pyraustae spores counted by 
6666 the number of spores per mg is obtained. 
Determination of oxygen consumption by ^  thuring^ns^-infected larvae 
When a lethal dose of B. thuringiensis spores is administered to the 
corn borer the insect stops feeding and eventually dies (Sutter, 1966). In 
this situation it is not feasible to try to rear B. thuringiensis-infected 
14 
corn borers for determining oxygen uptake; the insect would be much smaller 
or moribund, so that valid comparisons would be impossible. Therefore, B. 
thuringiensis spore powder was added to the diet and the diet was placed in 
the manometer flasks. The insect was then reared on B. thuringiensis diet 
but under constant monitoring to determine when the oxygen uptake by the 
insect began to change. From these observations it was determined when 
B. thuringiensis began to affect the oxygen uptake. 
The flasks for this experiment were prepared with a known weight of 
diet. The diet was allowed to cool to 50 C and then the B. thuringiensis 
spore powder was added. Three levels of spore powder were used: 6.25, 
12.5, and 25.0 mg per 100 g diet. The density of the diet was determined so 
as to calculate Vf for the flask constant. After preparation, the flasks 
containing the diet were held at room temperature for 24 hours. At the end 
of this time one 5th-instar larva (normal) was put in each flask, so that the 
test flasks were as follows: five flasks of each of the B. thuringiensis 
levels, and one flask with diet without B_. thuringiensis and larva. The last 
flask was the thermobarometer. The flasks were attached to the manometer, 
placed in the water bath, and allowed to equilibrate for 30 minutes before 
closing the stopcocks. A reading was made every hour. The manometers 
were then opened to readjust the fluid level, equilibrated for ten minutes 
and then closed for another hour. This monitoring technique was utilized 
throughout the manometry. After 17 hours of continuous monitoring a condi­
tion of anoxia developed in the manometer flasks. Therefore a second experi­
ment was designed to overcome this condition. The flasks were prepared as 
above with B. thuringiensis strain KD-1 at 25, 50 and 100 mg of spore pow­
der per 100 g of diet. After preparation the flasks were allowed to sit at 
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room temperature for three hours. Again one 5th-instar larva was placed in 
each flask as described before, the flasks were attached to manometers, 
placed in the water bath, equilibrated for 30 minutes and then the stop­
cocks were closed. A reading was made every hour and the manometers opened 
for readjustment of the fluid. At the end of two hours KOH was renewed, 
after which observations continued. This procedure restored o^grgen levels 
in the flasks and eliminated the chance that the KDH had become saturated 
with CO2. 
Sorbic acid was included in the diet as a mold inhibitor, therefore 
no fungi could grow which would interfere with the correct measurement of 
oxygen uptake by the borer. Since this compound also inhibits the vegeta­
tive stage of B. thuringiensis, the borer was exposed to spores and crystals 
and not the vegetative stage of the bacterium. 
Food Consumption and Utilization 
A modification of the techniques of McGinnis and Kasting (1964a, b, 
c) and Lewis and Raun (1965) were used to compare the amount of food con­
sumed (dry matter) and the percentage digestion of this food by corn borer 
larvae which were free of P, pyraustae with those which were infected with 
this microsporidian. 
This method involves the use of an indicator to make the measurements. 
Briefly, a known amount of indicator is added to the diet, larvae are reared, 
frass is collected and analyzed for the indicator. From this information 
the dry matter consumed and percentage digestion can be calculated, thus 
eliminating the tedious procedure used in gravimetric methods for making 
this type of study. An indicator must be nontoxic to the insect. 
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nonabaorbed by the gut wall and must not combine with proteins of the 
alimentary tract. These conditions are met by chromic oxide, Ci^Og, for 
corn borer research (Lewis and Raun, 1966). Diet for this experiment was 
prepared as in other experiments except that chromic oxide was added at 
four percent of the dry weight of the diet and thoroughly mixed into the 
finished media. Plugs were cut and larvae were placed on the diet by the 
technique of Guthrie et al. (1965). 
Larvae for this experiment were obtained from the normal and P. 
pvraustae-infected colonies used in the oxygen uptake experiments. A ran­
dom complete block design was used with two treatments (normal and P. 
pvraustae infected), eight replications per treatment, and 170 larvae per 
treatment per replication. The treatments were incubated under conditions 
identical to those for maintaining other colonies. 
Evaluations were made on larvae 7 through 14 days of age which were 
continuously feeding. An observation was made after pupation to determine 
the total food consumed and percentage digestion for the complete feeding 
time. At each age, ten larvae per treatment replicate were randomly 
selected (total of 160 per age = 1440 per experiment), weighed as a group, 
and frass collected. These larvae were then stored in the freezer for 
analysis of €^20^ and the collected frass dried for 24 hours at 90 C. An 
additional five larvae were randomly selected per treatment replication 
(total of 80 per age = 720 per experiment), and group-analyzed for P. 
pvraustae. 
After drying, the frass was weighed, an aliquot sample was taken and 
digested for 15 minutes in a 30-ml Kjeldahl flask containing 10 ml of a 
digestion mixture which consisted of 10 g K2M00^, 150 ml distilled H2O, 
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150 ml conc. H2S0^, and 150 ml HCIO^ (McGinnis and Kasting, 1964c). This 
digestion mixture was allowed to cool and then diluted to 200 ml with dis­
tilled H2O. A 4-ml sample was mixed with 3.6 ml of 0.25 N H2SO4 and 0.4 ml 
of coloring reagent (0.25 percent w/v diphenyl carbazide in 50 percent 
aqueous acetone), allowed to stand for five minutes and then read in a 
colorimeter at 540against a blank of 7.6 ml 0.25 N HgSO^ and 0.4 ml 
coloring reagent. The ten larvae were analyzed in the same manner for 
amount of Cr^Og in the gut. 
Total amount of (^20^ in the frass was obtained from a standard curvc 
which was developed by analyzing known amounts of Cr^Og in the above manner. 
Consumption and utilization were then determined from the following 
set of equations (McGinnis and Kasting, 1964b): 
Food consumed = 
([Cr203]* frass x frass (mg) dry wt.) + jJië ^^2^3 i'^sect 
[CfzOg]* diet 
Percent utilization = 
([CroOo]* frass - [Cr^Oql* diet) 
—dd —f-ii X 100 
*^^^2*^3 * frass 
1 - [Cr^Cy]* diet 
[Cr^O]]* frass 
X 100 
*I~L& Cr202/mg of dry material, 
18 
RESULTS 
Oxygen Uptake by Normal Insects 
Oxygen uptake/mg/hr 
The oxygen uptake by normal borers is presented in Table 1 and Figure 
1. When calculated as mm^Og/mg/hr the uptake was 12.43 for 0-day larvae 
and 19.79 for 1-day larvae. The values then steadily decreased through the 
larval development to 1.33 for 14-day larvae. The pupal oxygen consumption 
(mm^Og/mg/hr) was a U-shaped curve with 0.99 on day 1 and 0.51 on day 4. 
There was an increase through day 5 to 0.94 on day 6. On day 7 just prior 
to eclosion there was a slight drop in oxygen uptake to 0.90. An increase 
in oxygen consumption occurred between pupal and adult stages with 1-day 
adults consuming 2.09 mm^Og/mg/hr. This rate decreased to 1.33 on day 3. 
Oxygen uptake/insect/hr 
Oxygen uptake expressed as mm^C^/insect/hr is also presented in Table 
1 and Figure 2= When calculated on this basis the larvae had an oxygen 
consumption of 2.37 on day 1 and 2.27 on day 2. This rate gradually in­
creased to 7.27 on day 5. On day 6 there was a sharp increase to 15.76 and 
this rapid increase continued to 175.46 for 13-day larvae. The uptake then 
declined to 140.00 for the 14-day larval insect. Again the pupal respira­
tion, mm^Og/insect/hr, exhibited a U-shaped curve beginning at 89.23 for 
day 1 and decreasing to 45.49 on day 4. An increase in oxygen uptake then 
occurred through the remainder of the pupal period, reaching 82.23 on day 7. 
O 
The 1-day adult consumed 111.14 mm Og/insect/hr and this rate declined 
to 58.42 on day 3. 
Table 1» Average oxygen uptake, weight and developmental stage of normal corn borers 
Observa- Developmental 
Age tions Oxy^en uptake Weight stage 
Days No. inni^02/mg/hr + S.E. mmrO^/insect/hr + S.E. mg + S.E. Instar 
0 54 12.43 6.89 — — 1st 
1 58 19.79 12.29 2.37 1.44 0.13 + 0.04 1st 
2 46 8.14 4,04 2.27 + 1.18 0.28 + 0.05 2nd 
3 50 13.10 10.45 4.77 + 3.45 0.38 + 0.07 2nd 
4 45 4.43 2.80 4.14 + 3.56 0.96 + 0.16 2nd 
5 94 4.12 1.78 7.27 + 3.18 1.79 + 0.37 3rd 
6 66 5.33 ± 2.37 15.76 + 7.9 3.00 + 1.05 3rd 
7 67 2.27 ±. 1.66 14.31 + 7.83 6.96 + 2.35 3rd 
8 82 3.04 j- 1.38 36.93 + 18.31 12.8 + 4.8 4 th 
9 62 2.05 + 0.95 41.86 + 23.74 19.9 + 6.7 4th 
LO 63 2.26 ± 1.04 73.62 + 29.28 34.3 + 8.1 4th 
LI 62 2.34 0.70 94.77 + 27.12 43.7 + 15.7 4 th 
L2 98 1.95 + 0.57 145.99 43.54 81.0 ' + 21.8 5th 
L3 100 1.68 0.53 175.46 + 62.00 98.6 + 18.2 5 th 
L4 77 1.33 0.29 140.00 + 37.66 107.0 + 22.2 5 th 
1 101 0.99 0.27 89.23 26.31 91.7 + 17.9 Pupa 
2 68 0.64 + 0.32 65,03 + 32.42 97.9 + 16.0 Pupa 
3 65 0,62 + 0.28 57.97 + 27.62 93.6 + 17.4 Pupa 
4 80 0.51 -T 0.15 45.49 + 15.49 89.5 + 15.1 Pupa 
5 68 0.73 + 0.18 70.40 + 21.32 96.2 + 14.4 Pupa 
6 69 0.94 0.23 80.09 + 26.25 85.6 + 16.5 Pupa 
7 60 0.90 0.27 82.23 + 30.33 92.1 + 14.1 Pupa 
1 65 2.09 + 0.53 111.14 + 43.14 52.6 + 14.4 Adult 
2 67 1.90 0.67 87.97 36.13 48.0 + 13.6 Adult 
3 65 1.33 + 0.52 58.42 + 24.75 44.6 + 13.9 Adult 
Figure 1. Oxygen uptake by normal corn borers. Standard deviations are 
shown by vertical lines. The inset figure illustrates a line 
of best fit, drawn by eye, through the points 
21 
1 3 5 7 9 11 13 
LARVAL AGE 
3 5 711 3 
UPAL AGBADULT AGE 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 1 2 3 
LARVAL AGE PUPAL AGE ADULT AGE 
DAYS 
Figure 2. Oxygen uptake by corn borers. Closed circles represent values for normal borers. Closed 
triangles represent values i:or P. pvraustae-infected borers 
2 2 0  
2 1 0  
2 0 0  
190 
180 
170 
160 
150 
140 
130 
120 
110 
100 
90 
80 
70 
60 
50 
40 
30 
2 0  
10  
0 1 2 3 4  5 6 7 8  9 10 11 12 13 14 1 2 3 4 5 6 7 12 3 
LARVAL AGE PUPAL AGE ADULT AGE 
24 
Oxygen uptake recorded on the basis of sex — mm 02/mg/hr 
All oxygen uptake data from normal corn borers was divided according 
to sex, from 7-day larvae through the adult stage. These data are presented 
in Table 2. The 7-day male larvae had an oxygen consumption of 2.10 xm?02/ 
mg/hr. The corresponding consumption values for the other males reached a 
high of 3.02 on day 8 and then decreased with some fluctuation to a low of 
1.34 on day 14. Likewise, the female larvae had a consumption value of 2.38 
on day 7 with the peak consumption of 3.06 on day 8. A gradual, fluctuating, 
decrease then occurred to a low of 1.30 on day 14. 
The pupal stage again exhibited a U-shaped curve when oxygen uptake was 
calculated on a sex basis. This begins in the male at 1.05 mm^02/mg/hr for 
day 1, decreases to 0.50 on day 4 with an increase to 0.87 on day 6. On 
day 7, prior co eclosion, there was a slight decrease to 0.84. Oxygen con­
sumption by the females showed the same curve, starting at 0.89 on day 1 
and declining to a low of 0.54 on day 4. An increase then occurred up to 
1.02 on day 6 with a slight decline to 0.99 on day 7 prior to eclosion. 
On day 1 the adult male had an oxygen uptake of 2.06 nmi^02/mg/hr. This 
consumption decreased to 1.46 on day 3. The adult female consumed 2.14 on 
day 1, and then decreased to 1.21 at 3 days of age. 
Oxygen uptake on the basis of sex --mm Og/insect/hr 
Oxygen uptake was 13.53 mm^Og/insect/hr for 7-day males (Table 2). 
This steadily increased to 145.61 for 13-day male larvae and then decreased 
to 124.51 on the 14th day. The female larvae consumed 14.98 on day 7, in­
creased to 214.96 by day 13 and then decreased to 162.46 on day 14. 
The male and female pupae exhibited the typical U-shaped oxygen uptake 
Table 2. Average oxygen uptake and weight of normal male and female corn borers (number of individu-
als in parenthesis) 
Oxygen uptake Oxygen Uptake 
A,e "ZrH' «m^Oz/insect/hr + S.F.. mn^Oz/mg/hr ± S.E. Weight + S.E. 
Days stage Male Female Male Female Male Female 
Instar 
7 3rd 13 .53 + 7.93(25) 14 .98 + 7.89(36) 2 .10 + 1 .33 2 .38 + 1.89 6 .8 + 2 .4 7 .1 + 2 .3 
8 4 th 36 .07 + 17.58(46) 38 .03 + 18.80(34) 3 .02 + 1 .25 3 .06 + 1,54 12 .7 + 5 .1 13 .2 + 4 .4 
9 4th 41 .37 + 26,91(26) 41 .68 + 21.58(33) 2 .06 + 1 .00 2 .06 + 0.94 19 .6 + 6 .7 20 .0 + 6 .8 
10 4th 77 .40 + 33.12(27) 74 .73 + 23.93(30) 2 .56 + 1 .32 2 .10 + 0.64 31 .5 + 7 .0 36 .4 + 8 .2 
11 4 th 95 .60 + 27.08(29) 97 .70 + 27.71(23) 2 .28 + 0 .66 2 .37 + 0.68 44 .4 + 16 .6 43 .4 + 14 .5 
12 5th 138 .27 + 42.03(59) 157 .70 + 43.11(39) 1 .90 + 0 .63 2 .02 + 0.45 74 .9 + 17 .6 82 .0 + 5 .3 
13 5 th 145 .61 + 54.34(58) 214 .96 + 49.54(39) 1 .53 + 0 .55 1 .87 + 0.44 95 .3 + 10 .8 116 .6 + 18 .8 
14 5 th 124 .51 + 30.83(45) 162 .46 + 35.85(30) 1 .34 + 0 .30 1 .30 + 0.28 93 .1 + 11 .0 127 .2 + 18 .1 
1 Pupa 84 .32 + 23.12(62) 97 .04 + 29.06(39) 1 .05 + 0 .25 0 .89 + 0.26 80 .2 + 9 .18 109 .9 + 12 .7 
2 Pupa 56 .37 + 23.52(34) 73 .69 + 37.40(34) 0 .65 + 0 .27 0 .64 + 0.32 86 .9 + 7 .80 115 .9 + 7 .4 
3 Pupa 49 .25 + 23.99(31) 65 .93 + 28.29(34) 0 .61 + 0 .27 0 .63 + 0.29 80 .6 + 9 .87 105 .9 + 13 .6 
4 Pupa 40 .53 + 13.69(58) 58 .56 + 11.93(22) 0 .50 + 0 .17 0 .54 + 0.10 82 .4 + 9 .26 108 .4 + 10 .6 
5 Pupa 57 .61 + 16.45(37) 85 .67 + 15.69(31) 0 .67 + 0 .19 0 .79 + 0.15 85 .8 + 7 .12 108 .6 + 10 .6 
6 Pupa 62 .80 + 13.75(38) 101 .99 + 21.55(30) 0 .87 + 0 .21 1 .02 + 0.23 72 .3 + 4 .59 101 .2 + 10 .9 
7 Pupa 67 .69 + 18.79(35) 102 .60 ± 31.66(25) 0 .84 + 0 .24 0 .99 + 0.30 81 .8 + 5 .87 106 .3 + 8 .8 
1 Adult 82 .31 + 27.66(34) 142 .77 + 33.94(31) 2 .06 + 1 .78 2 .14 0.43 40 .0 + 5 .4 66 .5 + 6 .0 
2 Adult 68 .64 + 28.28(33) 109 .37 T 22.59(34) 2 .05 + 0 .85 1 .76 + 0.36 33 .6 + 2 .5 62 .2 + 6 .5 
3 Adult 47 .78 + 17.04(30) 68 .09 + 26.03(33) 1 .46 + 0 .52 1 .21 + 0.48 32 .8 + 2 .9 56 .5 + 9 .3 
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curve for this stage of development (Table 2 and Figure 3). The males con-
sumed 84.32 mm Og/insect/hr on day 1. The consumption rate declined to 
40.53 on day 4 and then increased to 67.69 on day 7. The females had an 
oxygen consumption of 97.04 on day 1 which decreased to 58.56 on day 4. On 
day 7 the oxygen uptake increased to 102.6. 
3 
The adult males had an oxygen consumption of 82.31 mm Og/insect/hr on 
day 1 which declined sharply to 47.78 on day 3. The females consumed 142.77 
on day 1. The consumption then decreased to 68.09 on day 3. 
Oxygen Uptake by P. Pyraustae-infected Insects 
Oxygen uptake/mg/hr 
The oxygen uptake by P. pyraustae-infected corn borers is presented 
in Table 3 and Figure 4. All larval data begin on day 7. Seven-day larvae 
consumed 6.82 mm^Og/mg/hr. The rate of consumption gradually decreased to 
2.06 for 14-day larvae. 
Pupal respiration, imn^02/mg/hr, by insects infected with P. pyraustae 
exhibited a U-shaped curve. The consumption of day 1 pupae was 1.03. The 
rate declined to a low of 0.68 on day 3. On day 6 the rate had increased to 
1.01 at which time there was a slight decline to 0.92 on day 7 prior to 
eclosion. 
Adult corn borers consumed 2.32 mm O^/mg/hr on day 1. The consump­
tion then decreased to 2.21 on day 2, and increased to 2.55 on day 3. 
Oxygen uptake/insect/hr 
When calculated as mm^Og/insect/hr, P. pyraustae-infected larvae con­
sumed 28.44 on day 7 (Table 3 and Figure 2). There was an increase to 
Figure 3. Oxygen uptake by normal or P. pvraustae-infected male and fe­
male corn borers during the pupal and adult stages 
Upper left; closed circles represent values for P. pvraustae-
infected females. Closed triangles represent 
values for P. pvraustae-infected males 
Upper right: open circles represent values for normal females. 
Closed circles represent values for P. pvraustae-
infected females 
Lower left: open circles represent values for normal females. 
Closed squares represent values for normal males 
Lower right: closed squares represent values for normal males. 
Closed triangles represent values for P. pvraustae-
infected males 
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Table 3. Average oxygen uptake, weight, spores/mg and developmental stage of corn borers infected with 
^2_ggraustae_ 
Age Observations Oxygen uptake Spores Weight + S.E. Developmental 
Days No. mm^Og/mg/hr + S.E. imn^02/insect/hr + S.E. ^ 10 /™g mg stage 
Instar 
7 72 6.82 + 3.90 28.44 + 16.04 0.67 4.7 + 1.8 3rd 
8 65 3.93 + 2.18 44.97 + 24.87 0.82 11.8 + 3.3 4 th 
9 68 3.53 1.45 69.49 + 31.12 0.97 20.1 + 6.2 4th 
10 65 3.58 + 1.56 62.52 + 28.28 1.28 19.1 + 8.3 4th 
11 67 2.61 + 1.42 65.77 + 34.57 0.94 26.00 + 5.9 4th 
12 66 2.38 + 0.81 181.99 + 70.19 0.81 77.9 + 24.6 5 th 
13 67 2.20 + 0.82 171.11 + 65.42 1.26 80.1 + 22.00 5 th 
14 68 2.06 + 0.50 203.23 + 57.99 1.16 98.1 + 17.8 5 th 
1 85 1.03 + 0.44 88.83 ± 41.26 3.30 87.4 + 14.9 Pupa 
2 83 0.87 + 0.31 71.17 + 25.28 3.39 82.3 + 13.8 Pupa 
3 83 0.68 + 0.50 56.32 + 43.80 4.11 81.0 + 12.2 Pupa 
4 85 0.88 it 0.40 68.83 + 33.19 3.49 78.6 + 14.2 Pupa 
5 84 0.89 + 0.44 69.77 + 36.75 3.44 78.1 ± 12.6 Pupa 
6 85 1.01 + 0.33 83.62 + 30.68 3.48 82.7 ± 15.6 Pupa 
7 85 0.92 + 0.33 75.70 + 31.93 4.11 81.9 ± 15.6 Pupa 
1 66 2.32 + 0.60 110.93 + 41.65 6.42 48.4 + 14.40 Adult 
2 68 2.21 + 0.94 88.26 + 38.68 6.38 41.6 ± 12.5 Adult 
3 67 2.55 + 1.11 87.84 4- 28.48 6.66 38.1 + 12.8 Adult 
Figure 4. Oxygen uptake by P. pvraustae-infected corn borers. Standard deviations are shown by ver 
tical lines. The inset figure illustrates a line of best fit, drawn by eye, through the 
points 
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44.97 on day 8 and a fluctuation between 69.49 on day 9 and 65.77 on day 11. 
On day 12 the respiration rate substantially increased to 181.99. This rate 
then dropped to 171.11 on day 13 before reaching a high point of 203.23 on 
14 days of age. 
Pupae infected with P. pvraustae had a respiration rate of 88.83 
mm^C^/insect/hr on day 1 (Figure 2). Again a U-shaped curve was exhibited 
with the low point of 56.32 on day 3. The uptake increased to 83.62 on day 
6 and then dropped slightly to 75.70 on day 7. 
£• pvraustae-infected adults consumed 110.93 mm^02/insect/hr on day 1 
and then declined to 87.84 at 3 days of age (Figure 2). 
Oxygen uptake recorded on the basis of sex — mm^O^/mg/hr 
The oxygen uptake data of pupae and adults infected with this micr o-
sporidian were separated according to sex (Table 4). Both male and female 
pupae exhibited a U-shaped curve. Oxygen consumption, mm^02/mg/hr, on day 
1 was 1.05 and 1.02, respectively, for males and females. The oxygen up­
take by males decreased to 0.63 on day 3 and then rose to 1.04 on day 6. 
Comparatively J the respiration by females reached a low of 0.78 on day 3 and 
increased to 0.98 on day 6. Respiration by both sexes declined slightly on 
day 7. 
O 
Adult males infected with P. pvraustae consumed 2.43 mm 02/mg/hr on 
days 1 and 2. The oxygen uptake rate increased to 3.26 on day 3. Adult 
females consumed 2.21 on day 1 and then the rate decreased to 1.86 on day 3. 
Oxygen uptake on the basis of sex — mm Oo/insect/hr 
On the basis of nm^^Og/insect/hr the male pupae consumed 76.34 on day 1 
and then decreased to 47.15 on day 3 (Table 4 and Figure 3). The rate 
Table 4. Average oxygen uptake and weight of P. pvraustae infected male 
and female corn borers (number of individuals in parenthesis) 
Age Developmental Oxygen uptake 
stage mm^02/insect/hr + S.E. 
Male Female 
1 Pupa 
2 Pupa 
3 Pupa 
4 Pupa 
5 Pupa 
6 Pupa 
7 Pupa 
1 Adult 
2 Adult 
3 Adult 
76.34 + 39.91(35) 
67.62 + 25.23(51) 
47.15 i 39.72(55) 
64.89 t 30.04(60) 
64.61 + 33.99(64) 
74.46 + 24.30(49) 
63.23 ± 22.66(50) 
87.40 + 24.93(33) 
75.95 + 31.45(34) 
86.86 + 24.92(33) 
97.58 ± 39.91(50) 
76.83 + 24.31(32) 
74.34 + 45.80(28) 
78.29 ± 38.11(25) 
86.27 + 40.22(20) 
96.09 + 33.89(36) 
95.53 + 34.68(35) 
134.35 + 41.72(33) 
100.56 ± 41.22(34) 
88.84 + 31.53(34) 
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Oxygen uptake 
mm^Og/mg/hr + S.E. Weieht (mg) ± S.E. 
Male Female Male Female 
1.05 1 0.48 
0.91 + 0.33 
0.63 ± 0.51 
0.90 + 0.40 
0.89 + 0.46 
1.04 + 0.33 
0.89 + 0.34 
2.43 + 0.59 
2.43 + 0.87 
3.26 + 1.04 
1.02 + 0.41 
0.81 ± 0.24 
0.78 + 0.47 
0.84 + 0.41 
0.89 ± 0.36 
0.98 + 0.31 
0.95 + 0.31 
2 .21  +  0 . 60  
1.99 + 0.95 
1 .86  +  0 .66  
75.7 + 8.9 
74.7 + 7.4 
74.2 + 5.4 
72.1 + 8.0 
72.5 + 6.5 
71.9 + 7.6 
71.3 + 7.6 
36.1 + 5.6 
31.0 + 4.8 
27.1 + 3.2 
95.7 + 12.4 
94.2 + 13.2 
94.5 ± 10.5 
94.3 + 13.5 
95.9 t 10.8 
97.3 + 11.3 
97.1 + 11.0 
60.8 + 8.9 
52.2 + 7.9 
48.7 + 9.0 
Spores X 10^ 
mg 
Male Female 
3.77 2.98 
4.02 2.38 
4.30 3.74 
3.73 2.90 
3.38 3.67 
3.32 3.69 
4.45 3.61 
6.95 5.89 
8.34 4.42 
8.45 4.91 
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increased to 74.46 on day 6 with a drop on day 7 prior to eclosion. On day 
1 the female pupae consumed 97.58. The rate of oxygen uptake then decreased 
to 74.34 on day 3 followed by an increase to 96.09 on day 6. There was a 
slight drop to 95.53 on day 7. Again both male and female pupat exhibited 
a U-shaped curve. 
Adult males infected with this microsporidian had a respiration rate of 
87.40 mm302/insect/hr on day 1 (Table 4 and Figure 3). This rate decreased 
to 75.95 on day 2 and rose to 86.86 on day 3. Meanwhile the female res­
piration rate was 134.35 on day 1 and decreased to 88*84 on day 3. 
Weights of Insects 
Normal borers 
Body weights were recorded for all insects used in oxygen uptake meas­
urements (Table 1 and Figure 5). There was an increase in weight with in­
creased age ranging from 0.13 mg on day 1 to 107.0 mg at 14 days of larval" 
age. Pupal weights ranged between 97.9 mg on day 2 to 85.6 mg on day 6. 
Adult weights ranged from 52.6 mg on day 1 to 44.6 mg on day 3. 
The above data were also recorded according to sex for 7-day larvae 
through the pupal stage and to 3-day adults (Table 2), Male larval weights 
ranged from 6.8 mg on day 7 to 95.3 mg on day 13. Female larval weights 
ranged from 7.1 mg on day 7 to 127.2 mg on day 14. 
Male pupal weights were lower than the females, ranging from 72.3 mg 
on day 6 to 86.9 mg on day 2. During the same period the female pupal 
weights ranged from 101.2 mg on day 6 to 115.9 mg on day 2. 
Adult zaalcs also weighed less than the females. Male weights ranged 
from 32.8 mg on day 3 to 40.0 mg on day 1 compared to a range of 56.5 mg 
Figure 5. Weights of corn borers as a function of insect age. Closed 
circles represent values for normal borers. Closed triangles 
represent values for P. pvraustae-infected borers 
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on day 3 to 66.5 mg on day 1 for adult females. 
Weight of P. pyrauatae -infected borers 
Weights were recorded for all insects from day 7 of larval development 
to day 3 of the adult stage (Table 3 and Figure 5). The larval weights 
ranged from 4.7 mg on day 7 to 98.1 mg on day 14. 
The pupal weights ranged from 78.1 mg on day 6 to 87.4 mg on day 1. 
Adult weights ranged from 38.1 mg on day 3 to 48.4 mg on day 1. 
The weights were also recorded on a sex basis for pupae and adults 
(Table 4). Male pupal weights ranged from 71.3 mg on day 7 to 75.7 mg on 
day 1. The females were heavier, ranging from 94.2 mg on day 2 to 97.3 mg 
on day 6. The microsporidian-infected adult males ranged from 27.1 mg on 
day 3 to 36.1 mg on day 1, compared to 48.7 mg on day 3 to 60.8 mg on day 1 
for the adult females. 
Number of P. Pvraustae Spores 
P. pvraustae spore counts were made on all infected insects used in 
the oxygen consumption study. The number of spores are presented in Table 
3. 
On day 7 of the larval stage there were 0.57 x 10^ spores. The level 
of infection gradually increased to 1.28 x 10^ on day 10, then declined 
slightly to 0.94 x 10^ and 0.81 x 10^ for days 11 and 12, The level of in­
fection then rose to 1.26 x 10^ at day 13 and dropped to 1.16 x 10^ on day 
14. 
The level of infection in the pupal stage ranged from 3.30 x 10^ spores/ 
ing for pupae on day 1 to a high of 4.11 x 10^ on 3- and 6-day pupae. Levels 
of Infection for the other pupae were intermediate. 
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The number of P^. pyraustae spores in the adults was much higher than 
in the pupae. Day 1 adults had an infection level of 6.42 x 10^ spores/mg. 
The infection rate dropped slightly to 6.38 x 10^ on day 2 and then increased 
to 6.66 X 10^ on day 3. 
When the P. pyraustae spores/mg data were tabulated according to the 
sex of the insect, the male pupae had a spore level of 3.32 x 10^ spores/mg 
on day 6 (Table 4). The highest level of infection was 4,45 x 10^ on day 7. 
Levels of infection for days 1 through 5 fluctuated between these two in­
fection rates. During the same developmental period, the females had the 
lowest level of infection on day 2 (2.38 x 10^) and the highest on day 3 
(3.74 X 105). 
Adult males had 6.95 x 10^ spores/tag on day 1. The infection rate then 
increased to 8.45 x 10^ on day 3. Comparatively, the adult females had 
5.89 X 10^ spores/mg on day 1. The rate then decreased to 4.42 x 10^ on 
day 2 and rose to 4.91 x 10^ on day 3. 
Oxygen Uptake by B^. Thuringiensis-infected Larvae 
There were no large differences between 5. thuringiensis treatments 
within strains. Therefore, all treatments were combined as one. The rate 
differences tabulated in Tables 5 and 6 and illustrated in Figure 6 were 
calculated by averaging the oxygen uptake for the three levels of B. 
thuringiensls treatment and subtracting this value from the oxygen uptake 
by the control. 
Strain BTB-183 
The larvae were exposed to infected diet for a period of 16 hours 
45 minutes. After 1 hour 30 minutes the rate difference (nm^C^/insect/hr) 
Table 5. Average oxygen uptake (mm^02/insect/hr) by corn borer larvae feeding on diet infected with 
several levels of B. thuringiensis-BTB-183 (number of observations are in parenthesis) 
Time 
on 
diet B. thuringiensis level/100 g diet 
Hr Min 0.0 mg 
Difference in O2 uptake 
between control and av­
erage of other treat-
61.25 mg 12.5 mg 25.0 mg ments mm302/insect/hr 
(1) (5) (5) (5) (17) 
1 30 139.30 176.78 164.95 170.09 -31.31 
2 AO 99.83 1.49.64 130.64 136.09 -38.96 
3 50 99.83 129.00 119.81 123.07 -24.13 
5 0 102.15 122.94 113.62 125.45 -18.52 
6 10 139.30 129.67 125.64 126.90 11.90 
7 20 190.38 128.18 111.90 113.37 72.56 
8 30 185.74 124.73 110.22 120,21 67.35 
9 40 201.99 127.00 118.22 131.02 76.58 
10 55 218.24 129.12 118.40 130.06 92.38 
12 5 215.92 136.47 108.92 139.31 87.69 
13 15 211.27 121.13 104.29 132.99 91.80 
14 25 211.27 118.72 96.52 120.76 99.27 
15 35 204.35 119.21 99.93 112.80 93.70 
16 45 204.35 102.10 103.92 118.66 96.12 
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Average oxygen uptake (mm 0^/i.nsect/hr) by corn borer larvae feeding on diet infected with 
several levels of thuriiiglensis HD-1 (number of observations in parenthesis^ 
Difference in Oz uptake 
, , between control and average 
B. thurxnsiensxs level/100 g diet of other treatments 
0.0 mg 6.25 mjî 12.5 mg 25.0 mg mm^02/insect/hr 
126.36(2) 
128.49(2) 
152.15(2) 
183.09(2) 
204.12(2) 
200.34(2) 
201.53(2) 
200.87(2) 
215.45(2) 
199.31(2) 
225.34(2) 
218.48(2) 
250.68(2) 
248.60(2) 
185.10(2) 
214.37(2) 
180.63(2) 
205.42(2) 
217.58(2) 
256.70(2) 
244.30(2 
255.97(2) 
248.70(2 
284.26(2) 
276.41(2: 
308.05(1] 
298.86(1) 
278.17(1) 
250.58(1) 
234.49(1) 
114.40(5 
101.02(5 
85.67(5 
103.48(5 
86.13(5 
90.50(5 
62.85(5 
97.10(5 
79.96(5 
89.44(5 
99.94(5 
106.19(5 
95.00(5 
99.81(5 
3.67(5 
30.09(5 
9.01(5 
27.46(5 
41.50(5 
46.98(4 
60.24(4 
47.21(4) 
67.93(4) 
13 
73 
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45.58(3) 
52.53(3" 
45,52(3 
47.82(3 
124.37(5) 
99.62(5) 
102.16(5) 
105.51(5) 
88.05(5) 
103.87(5) 
86.42(5) 
80.53(5) 
71.02(5) 
75.29(5) 
88.27(5) 
89.88(5) 
102.96(5) 
100.45(5) 
15.16(5) 
40.82(5) 
2.35(4) 
23.36(4) 
55.06(4) 
56.46(2) 
64.77(2) 
59.71(2) 
76.94(1) 
51.29(1) 
49.16(1) 
89.76(1) 
49.16(1) 
117.33(5 
95.53(5 
98.20(5 
102.50(5 
85.97(5 
82.04(5 
73.09(5 
71.62(5 
82.14(5 
73.68(5 
95.04(5 
89.13(5 
97.83(5 
80.46(5 
5.62(5 
28.82(5 
3.22(5 
10.23(5 
26.47(5 
58.61(2 
36.32(1 
38.60(1 
45.41(1 
29.51(1 
45.41(1 
81,73(1 
45.41(1 
45.41(1) 
31.78(1) 
47.67(1) 
7.66(17) 
29.77(17) 
57.78(17) 
79.26(17) 
117.40(17) 
108.20(17) 
127.41(17) 
117.79(17) 
137.74(17) 
119.84(17) 
130.92(17) 
123.41(17) 
152.08(17) 
155.03(17) 
176.95(17) 
181.13(17) 
175.59(16) 
185.28(16) 
177.57(16) 
204.44(10) 
186.19( 9) 
206.42( 9) 
183.02( 8) 
260.28( 7) 
213.38( 7) 
240.81( 6) 
252.60( 6) 
227.40( 5) 
208.50( 5) 
186.71( 5) 
Figure 6. Rate differences in oxygen uptake by corn borers feeding on 
diet infected with B. thurineiensis. Closed triangles repre­
sent values for borers feeding on diet containing strain 
BTB-183. Closed circles represent values for borers feeding 
on diet containing strain HD-1. For explanation of meaning 
of ordinate see Results 
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was -31.31 (Table 5 and Figure 6). The rate difference steadily increased 
to 92.38 after 10 hours 55 minutes. After 12 hours 5 minutes the rate 
dropped slightly to 87.69 and then increased to a high of 99.27 after 14 
hours 25 minutes. The rate difference then dropped to 93.70 after 15 hours 
35 minutes and increased to 96.12 after 16 hours 45 minutes. 
Strain HD-1 
3 
The rate differences on oxygen uptake (mm Og/insect/hr) are presented 
in Table 6 and Figure 6. After 1 hour 30 minutes the rate difference was 
7.66. The rate difference rapidly increased to 117.40 after 7 hours 25 
minutes. From the 7 hours 25 minutes reading until 17 hours 40 minutes 
the difference in rate fluctuated between 108.20 and 137.41. After 19 
hours 35 minutes the rate difference had reached 152.08. It then rose to 
181.13 after 23 hours 47 minutes. At this time some of the larvae started 
to die, as recorded in Table 6. From the reading at 25 hours 35 minutes 
to the termination of the experiment at 72 hours 20 minutes larvae were re­
moved as death was recorded. During this time the rate difference fluctu­
ated between 175.59 and 260.28 with the final rate difference of 186.71 
being recorded at 72 hours 20 minutes. At the termination of the experiment 
three larvae from the 25 mg B. thuringiensis spores per 100 g diet treatment 
and one larva from the 100 mg B. thuringiensis per 100 g diet treatment were 
still alive. These insects plus the control were weighed and microscopi­
cally examined for vegetative stages of B. thuringiensis. None of the 
larvae contained any such forms. The control larvae weighed 104.3 mg com­
pared to 52.5 mg at the beginning of the experiment. The three larvae on 
the diet with 25 mg B. thuringiensis spore powder per 100 g diet had an 
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average weight of 42.2 mg compared to 60.0 mg at the start of the experi­
ment. The larva on the 100 mg B, thuringiensla spores per 100 g of diet 
weighed 37.2 mg at the termination compared to 65.1 mg at the beginning. 
Effect of P. Pvraustae on Food Consumption and Utilization 
The amount of food consumed, dry matter (mg), by normal and P. 
pvraustae-infected corn borers is presented in Table 7 and Figure 7. After 
seven days of feeding, normal larvae had consumed 2.6 mg of food (dry 
matter), and after 14 days each normal larva had consumed 117.9 mg. By the 
time all larvae in the colony had pupated, each insect had consumed an aver­
age of 141.6 mg of food. Comparatively, the 7-day larvae infected with 
P. pvraustae had consumed 35.8 mg of food and the 14-day larvae had con­
sumed 123.5 mg. By the time all P. pvraustae-infected larvae had pupated 
each had consumed 136.5 mg of food (dry matter). 
Percentage digestion of food (dry weight) consumed by normal and P. 
pvraustae-infected insects is presented in Table 7 and Figure 8. After 
seven days of feeding the nornial larvae had digested 38.02 percent of the 
food consumed. After 12 days these larvae had attained 44.8 percent 
digestion. After pupation of all members of the colony the percentage 
digestion for the complete larval stage was 38.28. During the same period 
those larvae infected with P. pvraustae had digested 34.17 percent of the 
food (dry weight) consumed after seven days of feeding. After 14 days of 
feeding the highest percentage digestion, 44.3 was obtained. When all 
larvae had pupated, the mean percentage digestion was 41.29. 
Insect weights were recorded throughout this test and are presented 
in Table 7. At seven days normal larvae weighed an average of 6.5 mg 
Table 7. Average food consumed, percentage digestion and weight of corn borer larvae 
Age Food consumed/insect (mg) Percentage digestion Weight (mg) P. pyraus-
Days P. P. tae spores 
Normal pvraustae Normal pvraustae Noirmal pvraustae x 10 /mg 
7 2.6 + 0.6 3.6 0.6 38.0 + 6.5 34.2 + 5.9 6.5 + 0.8 8.1 + 1.5 0.16 
8 5.6 + 1.5 7.4 + 1.5 41.4 + 6.5 33.9 + 4.6 13.9 + 3.0 16.8 + 2.9 0.13 
9 11.9 1.5 14.4 + 3.0 40.5 + 2.7 36.7 + 3.8 22.8 + 2.8 28.7 + 4.2 0.29 
10 17.5 + 2.2 28.1 + 5.5 41.8 + 4.2 42.5 + 3.3 32.2 + 4.1 41.8 + 8.7 0.26 
11 30.1 + 3.7 47.3 + 12.0 43.6 + 3.9 44.2 + 6.0 49.0 + 5.9 60.5 + 8.5 0.22 
12 61,9 + 24.7 76.7 + 10.4 44.8 + 2.9 42.8 + 3.7 72.9 + 12.1 84.5 + 6.0 0.53 
13 82.6 + 13.1 99.1 11.0 v+.o + 2.8 42.7 + 4.6 86.0 + 15.1 93.9 + 8.4 0.17 
14 117.9 + 15.6 123.5 + 11.0 44.1 + 2.9 44.3 + 3.9 99.4 + 11.1 96.5 + 8.7 0.92 
Pupae 141.6 + 8.6 136.5 + 16.3 38.9 ±4.1 41.3 + 7.1 94.0 + 4.2 84.4 + 3.1 1.28 
Figure 7. Food consumption by corn borer larvae. Closed circles repre­
sent values for normal borers. Closed triangles P. pvraustae 
infected borers, P marks beginning of pupal stage 
FOOD CONSUMED (DRY WEIGHT, mg.) 
O 
ro 
CD 
OsJ 
CD 
J—» 1—» »—» 1—' k-' 
XT U1 cn oo (O -o ro J=- VI 
o fZ) CD CD CD 'O .3 o C3 CD CD 
1—1—I—r 1—R I T—I 
4> 
oo 
Figure 8. Percentage digestion of food consumed by corn borers. Closed 
circles represent values for normal borers. Closed triangles 
represent values for P. pvraustae-infected borers. P marks 
beginning of pupal stage 
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compared to 8.1 mg for those infected with the microsporidian. At pupation 
normal pupae weighed an average of 94.00 mg compared to 84.5 mg for those 
infected with P. pvraustae. 
Random samples of insects at each age were taken and checked for P. 
pvraustae spores. The levels of infection at each age are presented in 
Table 7 and Figure 9. No spores were found in the normal insects. The in­
fected insects had 0.16 x 10^ spores/mg ou day 7. The infection rate fluc­
tuated during larval life, reaching 0.53 x 10^ spores/mg on day 14. The 
pupae had 1.28 x 10^ spores/mg. 
Figure 9. Number of P. pvraustae spores in com borers used in the food 
consumption and utilization study. P marks beginning of 
pupal stage 
NO. SPORES X lOVmg OF INSECT 
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DISCUSSION 
Oxygen Uptake by Normal Insects 
Oxygen uptake/mg/hr 
Oxygen uptake was highest during the early part of larval development 
(Table 1 and Figure 1). As the insect increased in body weight the oxygen 
uptake per mg of insect tissue decreased throughout larval life. This type 
of relationship generally occurs (Wigglesworth, 1965). Hseuh and Tang (1944) 
reported that newly hatched B. mori larvae consumed 2.95 mm^Og/mg/hr. The 
rate then decreased to 0.32 for the latter stages of larval development. 
Slama (1959) reported a similar decline in oxygen uptake by several species 
of sawflies. After an increase in oxygen uptake between day 0 and day 1 of 
larval life, the results obtained with the com borer were similar to those 
mentioned above. 
3 
Oxygen uptake, mm Og/mg/hr, by pupae followed a U-shaped curve typical 
of pupal respiration. The low point of the curve occurred at day 4 of 
pupal life. Oxygen consumption increased through day 6 and then slightly 
decreased prior to eclosion. Taylor and Steinback (1931) reported a similar 
curve, with a slight decrease prior to emergence, with G. mellonella. The 
drop prior to eclosion was of a greater magnitude than that recorded for 
the corn borer, A U-shaped pupal respiration curve was also reported by 
Hseuh and Tang (1944) for B. mori. The first part of the U-shaped curve is 
due to histolysis and reorganization of tissue. Activity of organized 
tissue accounts for the rise in oxygen uptake during the latter part of the 
curve. Likewise, histolysis and reorganization takes place in corn borer 
pupae. By the time corn borer pupae reach four days of age under conditions 
35 
of this experiment, most of the tissues are formed^ and the activity of 
these tissues during the remainder of the pupal life accounts for the in­
crease in oxygen consumption. 
One-day adult borers had an increase in oxygen uptake over that of 7-
3 3 
day pupae, 2.09 mm Og/mg/hr compared to 0.90 mm . This increase in con­
sumption can be accounted for by increased insect activity. The rate then 
gradually declined, corresponding to a decline in overall activity by the 
aging adult. 
Oxygen uptake/insect/hr 
When respiration was recorded as mm^Og/insect/hr, the rate for 1-day 
corn borer larvae was 2.37 (Table 1 and Figure 2). The rate of respiration 
increased to a high of 175.46 at day 13 and then declined to 140.00 at 14 
days of age. Under the rearing conditions used in this research, the corn 
borer reaches a maximum in its feeding during this period of larval life. 
Thus, levels of oxygen consumption corresponded to degrees of insect 
activity. 
The typical U-shaped curve was exhibited by the pupal respiration when 
calculated as mm^O^/insect/hr. Again this is accounted for by initial 
histolysis and then by overall activity of organized tissue. 
The 1-day adults showed a sharp increase in oxygen uptake compared to 
7-day pupae. This respiration rate then decreased as the insect aged. 
^Jones, J. Ackland, Department of Zoology and Entomology, Iowa State 
University, Ames, Iowa. Data on tissue development. Private communica­
tion. 1970. 
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Oxygen uptake recorded on the basis of sex — mm^O^/mK/hr 
On a basis of respiration per unit of body weight by male and female 
corn borers there were no substantial differences between sexes for 7-day 
through 14-day larvae and between pupae and adults (Table 2). The larval 
consumptions declined with age, the pupae curve was U-shaped and the adults 
had a slow decline in oxygen uptake. 
Oxygen uptake recorded on the basis of sex — mm^Oo/insect/hr 
Respiration per insect was equal between sexes from day 7 through day 
11 of larval life (Table 2). During the last three days of larval life the 
females consumed more oxygen than did the males. Corresponding to this in­
crease in oxygen consumption there was a greater increase in female weights 
than in male weights. Oxygen consumption per insect was higher in the fe­
males than in the males throughout the pupal and adult life of the corn 
borer, corresponding to the larger weights of the females. Both male and 
female pupae exhibited the characteristic U-shaped curve of oxygen uptake, 
whether calculated on a per unit weight basis or on a per insect basis. 
This U-shaped curve again reflects initial histolysis and reorganization 
followed by activity of organized tissue. 
Oxygen uptake per insect for males and females during the pupal and 
adult ages is illustrated in Figure 3. Females had a sharper increase in 
OX)'g en uptake during days 5 through 7 of pupal life and the first day of 
the adult age. At this time the ovarian tissue is rapidly developing and is 
f.hus contributing to the sharp increase in respiration rate. The general 
decline in respiration during the adult age was similar in both sexes. 
Adults live four to six days under these laboratory conditions. Therefore, 
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aging probably accounts for the decline in respiration rate during this 
period. 
Weights of Insects 
Normal borers 
The body weights of the insects are reported in Table 1 and Figure 5. 
In the early instars the borer weights increased at a slow rate. By the 
middle of the 3rd-instar, day 7, the larvae started feeding quite rapidly, 
and a corresponding rapid increase in weight was recorded. This increase 
continued through tha 14th day of larval life. At this time the borer 
voided the gut and entered the prepupal stage of development. The weight 
was quite constant during pupal life and then dropped at eclosion because of 
the loss of the pupal skin. During the adult stage the weight steadily de­
clined because of increased physical activity in the absence of food intake. 
Sexes are compared in Table 2. In general, the female corn borer was always 
heavier than the male. 
P. gYIÊMStae-infected borers 
Weights of P. pyraustae-infected borers are presented in Table 3 and 
Figure 5. A curve of the same shape was recorded for these insects as for 
the normal borers. The infected insects were always lighter in weight 
throughout the life cycle. The microsporidian infection evidently caused 
the reduction in body weight. 
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Oxygen Uptake by P. Pyraustae-infected Insects 
Oxygen uptake/mg/hr 
Oxygen uptake by borers infected with P. pyraustae was 6.82 nin^02/mg/hr 
at day 7. This rate of uptake slowly declined to 2.06 at day 14 (Table 3 
and Figure 4). The decline is similar to the decline in oxygen uptake by 
normal borers. Pupae infected with P. pyraustae exhibited a U-shaped curve 
as did the normal pupae. The adults increased oxygen uptake with age. At 
all times the oxygen consumption by borers infected with this microspordian 
was higher than the uptake by normal borers (Figure 10). 
A students t-test was run on the data comparing oxygen uptake/mg/hr 
between normal and P. pyraustae-infected individuals. There was a signifi­
cant difference at the one percent level of confidence between the two popu­
lations at days 7 and 9 of the larval stage, day 4 of the pupal stage and 
day 3 of the adult borer. At the five percent confidence level there were 
significant differences between days 10 and 14 of larval life. 
During the late instars of the larval period the insect is consuming 
large amounts of food and rapidly increasing in body weight. In the pupal 
period of development there is a reorganization of all tissue and a rapid 
development of the reproductive system in the female. Adult insects are 
utilizing their fat bodies for an energy source since there is no food in­
take. The microspordian could present a stress on the borer during all of 
the developmental stages. This stress could cause an actual increase in 
oxygen uptake by the borer or the increase in oxygen consumption could be 
due to the oxygen requirements of P. pyraustae. Since it is an obligatory 
parasite, it is impossible to make meaningful measurements of its 
Figure 10. Comparisons of oxygen uptake by normal and P_. pvraustae-infected corn borers.  Closed 
circles represent values for normal borers.  Closed triangles represent values for 
P. pvraustae-infected borers 
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respiration rate alone. 
Oxygen uptake/insect/hr 
P. pvraustae-infected borers had a rate of oxygen uptake which coin­
cided with the respiration curve of the no/tnial insect except at a few points 
(Figure 2). The infected borers had a slightly higher respiration rate at 
days 7, 8, 9, 11 and 14 of larval life. Borers infected with P. pvraustae 
reached the maximum oxygen uptake at day 14 compared to day 13 for the nor­
mal borers. The infection by the protozoan thus was increasing the develop­
mental time of the corn borer larvae. In general during the pupal stage of 
development the diseased pupae had a slightly higher rate of oxygen uptake 
than the normal pupae. The same situation was present at three days of 
adult life. This increase in the pupal and adult oxygen uptake is probably 
due either to an effect of P. pvraustae on the respiration rate of the borer 
or oxygen uptake by the protozoan. 
Oxygen uptake on the basis of sex -- mm^Oo/mg/hr 
Data from infected male and female pupae and adults were compared 
(Table 4). There were no large differences between sexes. However, 3-day 
males infected with P. pvraustae had a much higher amount of oxygen uptake 
than the females. At this time the males had an infection of 8.45 x 10^ 
spores/mg of insect compared to 4.91 x 10^ spores/mg of insect for the fe­
males. Therefore, this level of infection influenced the respiration rate 
of the males, increasing it greatly in comparison to the female insects. 
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Oxygen uptake on the basis of sex — mm^Oo/insect/hr 
In Figure 3 comparisons of oxygen uptake are made between normal and 
infected pupae and adults of both sexes. Comparisons in oxygen uptake were 
also made between infected males and females during the pupal and adult 
stages of development. The infected males and females had the same shape of 
curve throughout except the males had an increase at day 3 of adult life 
corresponding to a very high level of P. pyraustae spores. The infected 
female insects had a higher rate of oxygen consumption than the normals dur­
ing days 2 through 5 of pupal life. This is a greater oxygen uptake by a 
smaller insect. Therefore, a substantial effect by the microsporidian is 
apparently being exerted on the rate of respiration by the borer or an 
oxygen uptake, per se, by the protozoan. The same relationship was present 
between the diseased and normal males through the pupal and adult stages, 
although the diseased male had a higher rate of respiration from day 2 
through day 6. 
Number of P- Pyraustae Spores 
The number of P. pyraustae spores per mg of insect was recorded 
throughout the life cycle from 7-day larvae to 3-day adults. The number of 
spores per mg increased throughout tha life cycle of the corn borer. At 
22 C, P. pyraustae will complete its life cycle in the corn borer in 53 
hours (Kramer, 1958). Therefore, assuming a similar growth rate in this 
research, one would expect this rapid increase in number of spores per mg 
of insect. A sharp increase in number of spores per mg was reco/ded between 
the larval and pupal stages and between the pupal and adult stages. This is 
partly due to the reproductive rate of the protozoan but is magnified by a 
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corresponding decrease in insect weights at these stages of development. 
Thus J the microsporidia already present are concentrated even more. Through­
out pupal life the males had a higher rate of infection by P. pvraustae 
except at days 5 and 6. This high level of spores probably contributed to 
the corresponding increase in respiration by these insects when compared to 
the normals. In the adult stage the male borer had a level of P. pyraustae 
spores 1.2 to 1,9 times greater than the female, thus effecting the in­
crease in respiration of the adult male. 
Oxygen Uptake by B. Thuringiensis-infected Larvae 
Strain BTB-183 
B. thuringieasis - BTB-183, is a commercial preparation^ of bacterial 
spores with a rating of 550 lU per mg. When the borer was exposed to this 
bacterium it drastically reduced the respiratory rate of the insect (Table 
5 and Figure 6). The course of the disease, as graphed in Figure 6, was 
slow initially, then increased rapidly and leveled off just prior to the 
period of anoxia mentioned in Methods and Materials. Thus this depicts a 
general lowering of the oxygen uptake by the borer as time increases. No 
death occurred in these insects. Therefore, no bacteria had entered the 
hemolymph when this experiment was terminated. 
Strain HD-1 
Strain HD-1 of B. thurinaiensis was developed by the Agricultural 
^Nutrllite Corporation, 5600 Beech Boulevard, Buena Park, California 
90620. 
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Research Service and is now produced commercially.^ HD-1 is a concentrated 
source of B. thuringiensls spores with a potency of 9400 lU per mg. The 
effect of this strain of bacterium on the corn borer is presented in Table 
6 and Figure 7. The disease lowered the rate of oxygen uptake by the borer 
immediately and the rate decreased progressively thereafter until death of 
the insect. When the rate difference of the disease was graphed, it was 
clear that B. thuringiensis-HP-1 had a very pronounced immediate effect on 
oxygen uptake by the borer, whereas B. thuringiensis-BTB"183 produced a 
gradual rise in rate difference during the first five hours. This difference 
in the shape of the curve is contributed to by a higher rate of HD-1 spores 
in the diet. In addition, HD-1 has a much higher lU rating. Thus more of 
the B. thuringiensis-delta-endotoxin was present to paralyze the gut of the 
borer and to decrease the overall metabolism. 
Effect of P. Pyraustae on Food Consumption and Utilization 
Corn borer larvae infected with P. pyraustae consumed more food (dry 
matter) throughout the larval life than did those insects which were free of 
the microsporidian (Table 7 and Figure 7). An analysis of variance was 
calculated on the data. The difference in food consumption waa statisti­
cally significant at the five percent level of confidence on days 7, 10, 11 
and 12. Consumption determinations made in the pupal stage showed that the 
normal insects consumed more food than the P. pyraustae infected individuals 
during the complete larval life although the difference was not statisti­
cally significant. Normal larvae 7, 8, 9, 12 and 13 days of age digested 
^Amdal Division, Abbott Laboratories, 14th and Sheridan Road, North 
Chicago, Illinois 60064. 
65 
slightly more of their food than did thoi lich were diseased (Table 7 and 
Figure 8). On days 10, 11 and 14 the larvae infected with P. pyraustae had 
a slightly higher percentage digestion. After all insects had pupated the 
percentage digestion was highest for the diseased insects. None of the 
differences were statistically significant. During the preceding trials 
the weights of the P. pyraustae -infected larvae were heavier than the nor­
mals from day 7 through day 13 (Table 7). The differences were statisti­
cally different at the five percent level of confidence on days 7, 9 and 11. 
At 14 days of age the normal larvae were heavier although not significantly 
so. The normal pupae were significantly heavier than those infected with 
P. pyraustae. Levels of P. pyraustae spores in the larvae remained quite 
constant throughout larval life, increasing rapidly at 14 days and reaching 
a peak of 1.28 x 10^ spores per rag in the pupal stage (Table 7 and Figure 
9). 
Digestion determinations and weight measurements made in the pupal 
stage show that during the complete larval life the normal insect consumes 
more food and has a lower percentage digestion than do those infected with 
P. pyraustae. This results in normal pupae weighing significantly more 
than those which are diseased. It appears that the lower levels of £. 
pyraustae infection have no effect on food consumption, but when the infec­
tion increases, as at the end of larval life, less total food consumption 
and smaller pupae result. 
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SUMMARY AND CONCLUSIONS 
Standard Warburg manometric techniques were employed to determine the 
effect of the insect pathogens B. thuringiensis and P. pvraustae on oxygen 
uptake by the European corn borer, 0. nubilalis. A study using Cr202 as an 
indicator was made to investigate the effect of P. pvraustae on food con­
sumption and utilization by the borer. 
The following conclusions were drawn: 
1. Oxygen uptake, in mm^Og/mg/hr, by normal corn borers started at a 
high level and decreased throughout larval life. Pupae exhibited 
a typical U-shaped respiration curve. Oxygen uptake by adults de­
creased rapidly with aging by the insect. On a per unit waight 
basis male and female insects had approximately equal oxygen con­
sumption rates. 
2. Oxygen uptake, as mm^Og/mg/hr, by corn borer infected with P. 
pvraustae followed the same course as in normal insects, except 
that there was an increase in respiration by the adult males with 
increase in age. The diseased insects had a slightly higher rate 
of oxygen consumption during the complete life cycle. 
3. Normal insects weighed more than those infected with P. pvraustae 
throughout the complete life cycle. 
4. JB. thuringiensis strains, BTB-183 and HD-1, caused a substantial 
reduction in oxygen uptake by the borer. Strain HD-1 caused a 
greater reduction in the uptake in comparison to the control than 
did strain BTB-183. 
5. P. pvraustae had little or no detrimental effect on food 
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consumption or utilization by the corn borer. Pupae from P. 
pyraustae-infected larvae weighed less than the controls. 
It can be concluded that P. pyraustae exerts little effect on oxygen 
uptake, food consumption and utilization by the com borers under the 
laboratory conditions used in this investigation. Possibly if the borer 
was reared under simulated environmental stress P. pyraustae would have 
more effect on these biological processes. B. thuringiensis has an immedi­
ate effect in reducing the amount of oxygen consumed. This coincides with 
the gut paralysis induced by the B. thuringiensis delta-endotoxin. 
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APPENDIX 
The information tabulated here is the data upon which the preceding 
dissertation was based. 
Table 8. Oxygen uptake by 0-dav European corn borer larvae 
mm-i^02/mg/hr 
14.00 
25.32 
19.54 
21.00 
21.14 
19.20 
31.38 
8.30 
11.21 
19.67 
19.40 
9.64 
10.06 
11.47 
13.17 
11.23 
10.09 
16.47 
14.64 
34.31 
9.95 
22.78 
9.25 
8.79 
22.18 
14.88 
8.72 
9.89 
5.44 
2.19 
4.59 
8.58 
6 .18  
10.99 
4.49 
9.64 
3.01 
5.76 
7.60 
11.63 
6.34 
10.07 
12.82 
11.87 
7.11 
16.69 
4.00 
3.89 
21.98 
9.18 
10.62 
6.62 
13.72 
8.48 
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Table 9. Weights and oxygen uptake by the normal European corn borer from 
day 1 of larval life through day 3 of adult life 
Wt(mg) mm^Og/ Wt(mg) mra^02 Wt(ing) mzn^02/ Wt(ing) mm^Oo/ 
insect/hr insect/hr insect/hr insect/hr 
1 Day L a 
0.14 1.59 
0.14 1.10 
0,13 0.68 
0.11 0.87 
0.11 1.09 
0.13 0.70 
0.14 2.44 
0.13 0.94 
0.12 1.62 
0.11 2.89 
0.10 2.52 
0.13 1.19 
0.12 2.99 
0.11 0.14 
0.10 1.84 
0.10 2.47 
0.13 2.69 
0.10 2.07 
0.10 0.93 
0.11 0.31 
0.10 0.16 
0.08 2.61 
0.14 1.06 
0.13 5.75 Û.12 2.52 
0.13 5.42 
0.12 4.63 
0.12 1.65 
0.16 1.46 
0.15 0.52 
0.14 2.54 
0.14 1.66 
0.13 3.69 
0.15 3.09 
0.12 4.19 
0.12 3.87 
0.11 2.05 
0.13 3.04 
0.11 2.76 
0.13 2.53 
0.13 5.36 
0.11 1.99 
0.11 5.16 
0.13 5.33 
1 Day L 
0.13 3.71 
0.12 3.56 
0.12 2.82 
0.12 3.04 
0.11 4.00 
0.12 0.15 
0.11 2.54 
0.12 1.52 
0.13 2.35 
0.12 1.19 
0.14 1.85 
0.11 2.76 
0.13 0.15 
0.38 3.71 
2 Day L 
0.29 1.80 
0.31 0.44 
0.26 3.06 
0.25 1.72 
0.29 0.95 
0.27 2.60 
0.24 0.90 
0.25 1.28 
0.21 0.95 
0.27 1.87 
0.27 1.93 
0.29 1.52 
0.30 1.40 
0.23 2.07 
0.34 2.85 
0.20 1.69 
0.25 1.23 
0.27 3.70 
0.33 2.69 
0.28 1.11 
0.27 3.97 
0.27 1.23 
0.29 5.19 
0.24 2.38 
0.29 3.13 
0.26 0.45 
0.27 0.87 
0.21 1.73 
0.19 0.90 
2 Day L 
0.23 0.54 
0.25 3.26 
0.26 2.71 
0.34 2.89 
0.30 3.55 
0.26 4.38 
0.23 3.40 
0.35 3.85 
0.36 4.71 
0.28 2.12 
0,35 3.39 
0.26 2.39 
0.31 2.03 
0.28 3.74 
0.36 3.15 
0,25 1.65 
0.44 1.24 
3 Day L 
0.45 1.70 
0.44 2.77 
0,55 3.86 
0.48 4.10 
0.46 4.01 
0.51 6.01 
0.49 4.71 
0.34 0.58 
0.41 14.49 
0.38 5.54 
0.43 4.21 
0.25 2.38 
0.29 15.06 
0.27 3.99 
0.35 0.93 
0.45 2.63 
0.35 7.43 
0.37 2.72 
0.35 3.44 
0.35 1.82 
0.33 7.64 
0.31 2.18 
0.35 5.63 
0.29 0.90 
0.30 0.85 
0.37 0.94 
3 Day L 
0.32 0.93 
0.31 0.48 
0.39 0.46 
0.42 6.38 
0.40 14.30 
0.34 7.11 
0.34 8.55 
0.38 4.51 
0.38 6.36 
0.42 5.22 
0.36 8.95 
0.23 8.38 
0.34 4.70 
0.38 0.91 
0.30 6.52 
0.37 5.64 
0.44 6.09 
0.43 4.92 
0.54 3.40 
0.33 13.41 
0.37 11.90 
0.33 7.41 
0.52 0.61 
0.46 7.46 
4 Day L 
0.70 6.01 
0.77 7.68 
0.58 2.92 
0.88 9.32 
0.85 8.06 
0.85 3.12 
1.28 7.67 
0.89 4.64 
0.95 3.15 
0.80 1.82 
0.85 0.86 
0.89 0.48 
0.68 5.63 
1.03 1.80 
1.14 0.86 
0.94 1.42 
0.79 1.94 
0.90 2.81 
1.26 3.23 
= larvae. 
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Table 9. (Continued) 
Wt(mg) mm^02/ Wt(mg) mm^02/ Wt(mg) nm^02/ Wt(mg) mm^Og/ 
insect/hr insect/hr insect/hr insect/hr 
4 Day L 
0.88 3.08 
0.99 1.11 
1.12 4.00 
0.99 4.19 
0.93 2.64 
1.11 5.55 
1.00 2.27 
0.97 1.74 
0.97 3.01 
0.91 3.22 
1.11 9.07 
0.93 4.30 
1.00 11.41 
1.00 8.96 
0.98 7.38 
0.73 2.19 
1.10 6.56 
0.92 3.66 
0.96 3.48 
0.86 3.16 
0.95 3.38 
1.12 2.40 
0.72 5.08 
1.23 3.66 
1.33 5.00 
1.25 2.34 
5 Day L 
1.77 11.80 
1.18 10.46 
1.40 8.46 
1.58 8.95 
1.07 7.23 
1.33 8.75 
1.20 7.08 
1.50 1.71 
i.33 11.17 
1.33 7.17 
1.68 1.78 
1.72 8.79 
1.45 3.67 
1.53 5.00 
2.10 12.75 
2.01 6.67 
1.98 12.42 
5 Day L 
1.45 10.21 
2.07 8.54 
1.45 10.03 
1.82 10.61 
2.30 10.35 
1.70 5.08 
1.37 12.27 
1.50 7.79 
2.10 13.40 
1.87 11.67 
2.27 8.05 
1.43 3.12 
1.23 6.14 
1.79 5.44 
1.73 3.37 
1.74 9.14 
1.85 6.35 
1.51 4.39 
2.09 5.77 
1.74 3.72 
1.76 6.79 
1.21 3.99 
1.34 7.20 
1.44 4.06 
1.78 8.03 
1.66 6.32 
1.70 3.30 
1.58 5.50 
1.87 7.20 
1.85 5.40 
1.69 4.38 
1.54 9.63 
1.92 4.72 
1.86 8.63 
2.24 7.64 
1.99 6.97 
1.98 6.06 
1.67 2.71 
1.90 3.15 
1.77 3.40 
1.72 10.39 
1.59 5.14 
1.89 9.19 
2.15 5.05 
5 Day L 
1.81 7.84 
1.91 8.02 
1.84 5.87 
1.74 4.65 
1.74 9.00 
1.46 7.46 
1.81 5.95 
1.73 8.68 
1.55 5.41 
1.67 4.96 
1.24 4.33 
1.72 8.55 
1.43 5.52 
1.34 4.25 
1.71 4.67 
2.02 5.80 
1.81 9.36 
1.59 0.92 
2.33 10.88 
2.20 8.45 
2.48 15.22 
2.55 10.97 
2.35 13.42 
1.90 9.65 
2.48 11.81 
1.88 6.64 
2.35 17.98 
2.05 2.42 
2.05 5.17 
2.08 3.59 
3.05 10.16 
2.58 5.36 
2.98 6.25 
6 Day L 
1.53 17.69 
1.38 11.43 
2.70 21.92 
2.10 10.96 
1.48 12.05 
1.35 6.56 
1.80 6.64 
2.28 3.64 
1.85 2.57 
2.13 17.49 
6 Day L 
3.10 20.06 
2.48 13.19 
2.90 12.85 
3.38 21.84 
3.10 20.62 
2.15 14.38 
3.15 26.78 
3.13 21.41 
2.45 5.49 
4.48 4.52 
3.60 20.27 
2.03 18.59 
2.25 7.47 
3.10 6.45 
3.58 20.45 
3.28 16.70 
3.23 6.55 
3.50 19.50 
2.98 12.38 
4.25 30.81 
4.58 16.52 
2.75 14.00 
2.30 19.90 
3.33 13.77 
4.23 21.38 
2,73 4.50 
2.35 9.87 
2.50 13.13 
2.15 8.54 
2.03 19.36 
2.55 17.03 
2.83 10.74 
2.45 3.26 
2.43 20.56 
2.25 10.13 
2.13 5.31 
2.13 8.27 
2.28 11.67 
2.03 7.25 
2.15 8.04 
3.30 25.91 
6.18 24.76 
5.75 23.00 
3.58 17.48 
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Table 9. (Continued) 
Wt(mg) inm^02/ Wt(mg) mm^02/ Wt(mg) mm^02/ Wt(mg) mm^Oo/ 
insect/hr insect/hr insect/hr insect/hr 
6 Day L 7 Day ^  L 8 Day ^  L 8 Day ^  L 
3.78 17.10 4.9 5.24 13.7 18.08 10.8 47.62 
3.40 20.43 4.2 2.44 12.9 9.54 12.3 54.88 
5.95 30.64 5.3 7.52 18.0 11.52 7.6 58.06 
3.00 31.05 7.0 12.11 13.4 57.13 8.8 32.03 
3.25 11.99 5.2 19.20 8.0 32.99 9.2 28.45 
3.60 37.91 7.0 19.25 10.6 41.44 9.6 18.04 
4.75 32.63 6.9 15.54 11.3 50.40 14.0 39.06 
5.48 19.11 9.2 7.04 6.9 25.68 13.5 31.45 
3.95 26.82 9.5 19.00 14.8 56.68 15.1 59.44 
3.30 16.93 9.0 17.00 12.9 35.46 32.1 95.50 
3.15 11.69 6.4 22.84 16.7 50.76 14.9 11.28 
2.53 18.41 7.0 20.91 8.7 45.49 16.5 32.17 
7 Day c? L 4.1 13.36 14.1 52.73 13.3 17.15 
7.0 8.05 4.7 7.05 9.0 27.47 16.4 22.39 
11.9 16.59 10.5 14.28 6.7 7.50 20.9 28.14 
9.3 12.46 6.3 13.56 7.2 32.81 12.0 23.54 
8.8 15.75 5.5 22.77 14.4 46.63 16.1 19.15 
6.0 7.19 4.5 14.58 8.8 40.86 11.1 11.10 
11.1 12.26 11.5 14.99 5.9 23.98 10.0 14.62 
9.5 22.51 9.7 14.93 7.6 38.98 12.9 2.06 
6.0 6.60 5.4 4.81 11.0 44.99 8.1 36.20 
6.9 17.11 10.7 7.59 7.3 12.76 11.0 41.47 
5.8 10.67 6.7 7.18 8.9 28.39 10.4 43.36 
8.7 23.31 7.4 7.86 7.9 30.33 13.2 49.83 
3.2 4.25 6.7 29.27 16.0 48.32 9.5 26.41 
3.6 6.19 12.1 20.32 21.3 56.87 13.1 60.81 
9.5 16.06 7.2 24.09 16.7 58.95 13.0 40.53 
8.0 19.28 8.0 28.38 16.4 28.37 9.9 37.22 
4.7 17.01 7.7 31.80 16.1 36.75 11.3 45.42 
7.4 7.84 9.2 32.20 18.0 85.50 12.3 57.33 
4.6 10.58 1.6 18.17 23.9 49.60 10.0 51.44 
7.2 32.25 Sex not 14.9 60.64 17.4 56.20 
5.1 33.45 Determined 26.9 72.49 16.2 38.39 
3.1 6.51 4.5 22.07 10.0 31.54 Sex not 
3.9 15.74 6.2 4.42 9.6 43.68 Determined 
5.7 7.01 9.2 18.03 16.4 18.14 9.6 18.43 
8.2 7.05 9.5 19.09 7.7 23.94 12.6 58.48 
4.1 2.50 6.2 7.31 5.7 11.24 9 Day L 
7 Day + L 3.6 10.69 6.7 14.89 28.0 48.16 
6.9 8.28 8 Day o L 14.7 50.71 10.9 7.41 
4.5 5.26 19.1 39.91 10.4 28.08 14.2 18.17 
7.2 12.72 22.4 24.40 7.9 25.28 8.4 5.20 
6.4 10.30 9.2 15.00 8 Day ^  L 25.8 25.75 
10.3 7.27 16.3 12.55 14.9 61.38 11.8 15.04 
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Table 9. (Continued) 
Wt(mg) inm^02/ Wt(mg) mm^02/ Wt(mg) mm^02/ Wt(ing) mm^02/ 
insect/hr insect/hr insect/hr insect/hr 
9 Day <? L 
19.0 11.74 
18.0 29.88 
24.4 78.59 
15.1 31.32 
17.2 58.30 
17.6 53.00 
21.7 66.83 
19.7 26.79 
29.7 86.28 
29.6 90.87 
28.9 74.85 
11.1 15.20 
13.9 18.55 
16.3 31.62 
14.7 22.93 
16.7 24.80 
22.4 96.99 
30.7 37.14 
16.7 61.93 
29.4 38.09 
9 Day ^  L 
19.8 16.19 
20.9 35.65 
35.2 54.99 
16.6 12.08 
40.8 78.64 
12.0 12.54 
11.0 7.81 
28.6 29.45 
19.5 65.74 
27.8 70.89 
15.7 47.72 
19.9 43.86 
22.0 71.06 
13.2 52.66 
17.5 43.92 
15.8 8.21 
15.6 36.50 
22.0 43.34 
10.8 7.74 
13.3 18.08 
19.1 28.84 
24.6 61.50 
14.7 32.37 
9 Day ^  L 
12.6 40.78 
25.2 67.15 
20.0 52.20 
18.7 70.68 
12.8 21.93 
23.0 40.94 
26.6 56.55 
23.4 75.11 
25.6 53.24 
15.9 16.00 
Sex not 
determined 
25.4 28.64 
19.3 52.49 
31.6 63.20 
10 Day ^  L 
39.3 53.84 
43.1 120.10 
32.3 55.47 
50.3 125.62 
29.2 100.85 
35.3 49.42 
44.6 116.27 
27.9 92.46 
31.5 67.41 
33.1 80.43 
28.9 105.87 
27.2 119.40 
23.9 75.12 
31.4 64.26 
40.0 128.93 
27.1 108.67 
29.6 86.72 
27.6 49.68 
30.1 64.41 
16.5 117.64 
31.8 65.82 
31.4 87.92 
29.8 34.86 
26.7 27.76 
31.0 8.37 
30.5 28.36 
21.0 54.18 
10 Day ? L 
40.0 92.28 
47.7 63.44 
43.9 66.72 
36.4 90.63 
36.9 61.90 
41.5 67.23 
43.2 56.16 
43.2 85.00 
64.8 121.73 
37.8 80.40 
34.1 90.02 
33.3 84.58 
32.9 81.46 
38.0 73.72 
39.8 82.78 
36.8 79.01 
36.9 38.74 
37.5 132.00 
36.2 56.11 
35.6 85.44 
31.5 119.38 
25.1 58.98 
29.6 60.68 
32.2 54.09 
35.3 107.31 
15.9 29.25 
30.4 68.70 
38.3 38.30 
24.0 65.04 
32.2 50.87 
Sex not 
determined 
20.1 17.88 
25.5 40.80 
36.8 86.11 
27.3 78.62 
31.7 54.75 
33.8 28.39 
11 Day L 
32.4 69.98 
79.5 154.23 
49.3 91.11 
50.5 90.39 
11 Day L 
80.3 104.39 
42.1 86.30 
50.2 128.88 
49.8 102.58 
49.1 92.21 
79.4 139.65 
31.2 67.70 
70.2 135.38 
54.8 105.21 
26.7 100.39 
61.7 138.20 
34.4 81.52 
43.3 87.03 
59.9 129.33 
32.0 85.12 
30.6 63.03 
34.3 63.45 
33.8 61.85 
26.5 45.05 
22.8 93.02 
34.1 58.65 
31.2 97.34 
31.9 110.69 
32.9 112.84 
32.4 76.78 
11 Day & L 
81.7 144.60 
47.4 108.07 
72.6 108.90 
51.0 81.60 
69.1 111.25 
40.2 94.47 
45.8 118.03 
52.6 138.33 
47.5 145.82 
42.3 89.25 
44.1 142.00 
36.7 89.18 
42.3 80.27 
21.9 83.22 
43.8 60.88 
33.3 49.61 
33.9 58.30 
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Table 9. (Continued) 
Wt(ing) im^02/ Wt(ing) inm302/ Wt(mg) mm302/ Wt(ing) mm^Oo/ 
insect/hr insect/hr insect/hr insect/hr 
11 Day ^  L 
32.6 98.77 
29.3 85.26 
38.2 121.85 
24.5 56.59 
40.3 87.45 
27.5 ' 93.50 
Sex not 
determined 
31.5 100.80 
41.3 58.23 
36.8 74.33 
34.0 103.02 
33.3 86.91 
30.2 72.31 
40.0 34.00 
35.2 139.04 
26.8 55.20 
39.2 76.78 
12 Day cf L 
82.6 189.86 
107.9 186.66 
84.7 128.66 
76.9 97.59 
76.6 103.34 
78.3 147.20 
67.2 92.73 
71.5 111.54 
85.5 127.32 
99.8 167.66 
106.4 240.46 
98.3 163.09 
92.2 172.41 
52.8 67.05 
89.8 110.39 
74.7 153.88 
100.9 176.57 
71.2 90.36 
64.7 95.03 
97.9 139.99 
91.2 145.84 
48.1 68.78 
79.2 97.35 
38.2 57.98 
78.6 106.89 
12 Day ^  L 
39.2 60.76 
98.4 140.64 
70.3 107.55 
99.3 132.06 
53.9 66.29 
57.1 90.21 
69.3 146.22 
89.6 174.72 
79.5 237.70 
81.0 156.33 
76.7 129.62 
55.2 140.76 
71.5 175.89 
93.3 100.76 
69.0 149.73 
65.3 126.02 
74.0 147.26 
75.8 171.30 
50.2 185.23 
75.6 153.46 
64.3 194.82 
84.2 120.54 
93.5 208.50 
35.4 126.37 
56.3 166.08 
48.8 109.31 
75.1 125.41 
92.1 231.17 
39.3 157.98 
68.5 132.20 
87.0 129.63 
67.0 122.61 
70.8 178.41 
76.7 123.48 
12 Day + L 
101.5 185.93 
61.8 133.99 
66.6 145.85 
68.4 123.71 
83.2 166.40 
81.0 163.51 
64.2 143.16 
62.4 105.99 
66.3 113.37 
12 Day ? L 
92.7 151.94 
84.8 146.61 
88.6 138.13 
62.4 103.58 
82.6 109.03 
79.2 118.80 
58.2 80,89 
67.8 130.08 
52.0 137.28 
70.7 137.15 
77.1 143.40 
63.5 141.60 
63.2 130.19 
148.9 253.13 
48.6 170.58 
56.6 125.65 
6S.Ù 219.64 
112.6 225.20 
110.8 223,81 
70.8 130.98 
92.3 215.98 
107.5 175.22 
55.8 127.22 
72.2 114.79 
112.4 195.57 
95.3 210.61 
69.1 165.84 
104.2 264.66 
67.8 172.21 
107.0 208.65 
13 Day cf L 
93.8 136.94 
95.3 136.20 
95.0 229.77 
98.8 115.53 
107.2 273.36 
95.6 174.85 
106.3 234.92 
104.4 139.89 
87.3 172.75 
106.8 171.94 
106.4 96.82 
81.6 157.48 
98.7 136.13 
13 Day c? L 
75.0 76.44 
76.8 28.39 
89.8 78.08 
97.2 141.83 
104.9 132.17 
94.1 123.27 
97.8 51.80 
91.1 128.45 
106.9 158.21 
89.5 83.23 
102.9 110.97 
104.1 75.99 
94.9 75.92 
91.8 105.57 
91.5 126.27 
92.8 87.23 
94.5 51.94 
80.7 66.98 
90.7 43.53 
94.0 137.24 
98.8 206.49 
96.1 150.87 
115.3 205.23 
72.2 160.28 
109.1 223.65 
75.3 137.04 
107.1 235.62 
61.3 139.15 
97.1 211.67 
92.7 174.27 
95.4 207.97 
101.9 126.35 
95.0 205.20 
91.5 156.46 
103.8 148.43 
97.7 188.56 
78.2 116.51 
79.8 165.98 
96.4 128.21 
114.8 152.68 
113.1 140.24 
92.1 192.48 
99.8 253.49 
98.1 198.16 
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Table 9. (Continued) 
Wt(mg) nnn^02/ Wt(mg) mm^02/ Wt(mg) mm^02/ Wt(mg) inm302/ 
insect/hr insect/hr insect/hr insect/hr 
13 Day c? L 
106.2 160.32 
13 Day ^  L 
S'4.6 149.38 
112.0 237,33 
135.4 242.27 
147.5 312.70 
105.4 210.80 
105.5 182.61 
141.4 247.36 
111.4 141.47 
123.5 145.67 
123.4 182.55 
91.6 126.33 
119.8 203.66 
147.5 200.60 
122.1 189.25 
150.8 174.87 
110.0 156.20 
129.2 143,41 
141.5 130.13 
117.7 230.69 
84.6 182.73 
113.4 165.56 
106.9 238.38 
97.5 256.42 
94.1 223.95 
95.7 214.36 
104.8 200.16 
109.6 301.40 
81.6 168.91 
100.4 241.96 
139.3 281.38 
119.8 280.33 
120.7 254.67 
119.5 235.41 
129.7 256.80 
147.6 289.29 
91.7 211.82 
130.4 251.67 
135.1 282.35 
98.6 238.61 
Sex not 
determined 
108.4 241.73 
13 Day Sex 
Not determined 
120.9 238.17 
101.1 221.40 
14 Day c? L 
95.3 121.92 
98.2 89.36 
84.9 103.51 
96.3 82.77 
88.5 126.48 
78.0 118.56 
102.3 132.92 
72.5 92.07 
94.5 60.44 
96.1 104.74 
90.0 181.80 
90.4 134.62 
113.6 176.08 
90.9 134.45 
95.5 156.53 
90.6 110.53 
88.5 71.64 
86.5 122.75 
94.4 117.93 
99.2 67.42 
96.1 120.12 
103.3 73.34 
88.8 123.36 
95.6 89.86 
94.9 116.66 
100.0 168.00 
85.8 105.53 
82.5 122.92 
129.8 179.12 
86.1 149.81 
95.2 130.42 
81.0 139.32 
87.4 144.21 
76.1 111.86 
93.4 129.82 
84.7 114.34 
89.3 106.26 
122.6 205.96 
108.3 151.62 
85.7 116.55 
14 Day ^  L 
74.0 137.64 
95.1 148.35 
90.4 125.65 
90.8 129.84 
106.7 155.78 
14 Day t L 
130.1 145.71 
123.0 134.07 
129.9 55.85 
125.8 132.03 
142.8 249.81 
140.0 208.60 
133.2 159.78 
123.0 125.46 
155.1 200.07 
128.9 177.88 
141.4 165.43 
163.9 180.29 
117.3 120.76 
153.2 168.52 
130.0 139.45 
115.8 179.49 
144.3 196.18 
163.1 156.52 
113.0 120.85 
110.5 182.32 
104.0 167.44 
106.4 164.92 
117.1 189.70 
113.1 156.07 
141.6 209.56 
129.2 180.88 
104.2 184.43 
94.6 125.81 
96.6 131.37 
124.6 164.67 
Sex not 
determined 
80.0 127.40 
110,9 180.76 
1 Day d* P* 
84.6 107.44 
80.1 89.71 
92.7 89.91 
1 Day P® 
85.7 119.98 
82.3 76.53 
87.0 109.62 
79.1 97.29 
96.8 130.68 
79.3 91.19 
97.9 123.35 
88.3 103.31 
87.5 88.37 
107.0 111.28 
97.2 120.52 
86.8 71.17 
69.9 107.64 
86.2 93.95 
87.2 86.32 
82.3 81.47 
74.2 106.10 
93.3 111.96 
82.6 86.73 
81.6 81.60 
86.6 70.14 
100.1 62.06 
72.3 50.61 
87.5 156.62 
82.2 92.06 
74.5 55.13 
79.3 105.46 
70.4 83.07 
73.3 74.03 
63.5 85.09 
64.0 76.80 
76.9 68.44 
76.7 81.30 
74.0 85.84 
66.5 73.81 
81.3 109.75 
67.4 78.85 
83.8 76.25 
80.8 46.86 
77.5 102.30 
69.8 41.18 
80.2 63.35 
86.3 96.65 
70.5 76.84 
^P = pupae. 
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Table 9. (Continued) 
Wt(mg) mm^02/ Wt(mg) mm^02/ Wt(mg) mm^02/ Wt(ing) inm^02/ 
insect/hr insect/hr insect/hr insect/hr 
1 Day P 
68.4 62.92 
73.4 66.06 
76.1 74.57 
75.5 39.26 
74.2 84.58 
72.1 28.11 
77.2 97.27 
74.1 82.25 
65.7 70.95 
67.5 62.10 
83.8 76.25 
87.8 90.43 
83.8 61.17 
77.0 72.38 
82.3 60.90 
1 Day ? P 
109.7 107.50 
110.5 118.23 
104.6 108.78 
108.3 124.54 
117.1 128.81 
125.3 127.80 
120.3 157.59 
113.7 137.57 
104.1 131.16 
120.2 118.99 
132.5 96.72 
104.4 73.08 
109.8 60.39 
143.7 68.97 
129.6 79.05 
102.5 48.17 
119.5 66.92 
105.7 85.61 
127.3 94.20 
106.4 82.99 
107.9 108.97 
114.7 121.58 
105.5 83.34 
104.2 26.05 
96.3 113.63 
100.5 133.66 
107.2 90.04 
119.9 91.12 
1 Day % P 
92.1 63.54 
116.4 145.50 
118.8 103.35 
85.5 83.79 
98.4 113.16 
75.6 49.89 
108.6 82.53 
105.9 94.25 
100.7 105.73 
95.5 102.18 
115.3 55.34 
2 Day f P 
63.7 26.75 
92.2 47.94 
82.5 31.35 
93.3 57.84 
82.7 39.69 
92.4 23.10 
82.4 35.43 
84.5 48.16 
87.4 47.19 
88.1 33.47 
76.3 43.49 
104.0 49.92 
89.6 40.32 
88.5 61.06 
110.3 90.44 
93.8 32.83 
90.7 67.11 
86.0 59.34 
86.3 61.27 
88.6 55.81 
93.9 75.12 
88.2 67.91 
90.6 55.26 
87.5 113.75 
82.3 73.24 
83.5 58.45 
79.6 62.08 
81.3 63.41 
86.2 62.06 
78.8 107.16 
84.0 47.04 
76.6 33.70 
2 Day e? p 
92.4 24.94 
84.4 119.84 
2 Day % P 
119.4 59.70 
128.4 73.18 
119.2 72.71 
128.0 51.20 
120.4 92.70 
120.4 62.60 
109.5 58.03 
107.9 55.02 
115.9 35.92 
112.1 28.02 
105.2 65.22 
115.4 64.62 
115.2 130.17 
118.7 102.08 
107.2 67.53 
127.3 119.66 
101.6 95.50 
119.6 102.85 
118.7 214.84 
108.7 102.17 
130.8 43.16 
115.6 78.60 
128.5 23.13 
120.1 147.72 
94.1 33.87 
121.3 61.86 
104.2 62.52 
118.1 73.22 
107.6 49.49 
114.9 44.81 
107.5 69.87 
103.1 70.10 
138.9 55.56 
99.1 37.71 
3 Day(f P 
97.7 35.17 
82.2 36.16 
87.1 42.67 
75.1 53.32 
96.0 44.16 
91.9 59.73 
3 Day (f 
91.2 55.63 
96.4 107.96 
86.4 34.56 
83.1 50.69 
87.5 53.37 
70.8 13.45 
84.7 27.10 
73.3 32.98 
74.7 41.08 
63.6 20.98 
84.7 26.25 
84.1 43.73 
78.7 29.11 
83.0 35.69 
57.6 46.08 
67.8 31.18 
71.9 66.14 
60.0 37.20 
76.4 60.35 
76.1 53.27 
84.6 72.75 
82.4 73.33 
80.8 29.89 
79.2 89.49 
88.0 123.20 
3 Day ?• F 
134.5 69.94 
106.0 60.42 
122.5 51.45 
113.5 55.61 
136.8 94.39 
107.3 37.55 
105.2 45.23 
96.4 77.12 
86.8 132.80 
85.1 28.08 
119.6 49.03 
114.5 46.94 
106.2 53.10 
103.6 37.29 
93.2 76.42 
91.4 50.27 
112.1 50.44 
91.7 48.60 
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Table 9. (Continued) 
Wt(mg) mm^02/ Wt(mg) inm^02/ Wt(ing) inm^02/ Wt(mg) inm^02/ 
insect/hr insect/hr insect/hr insect/hr 
3 Day %P 
108.1 60.53 
112.3 52.78 
103.3 41.32 
114.4 31.19 
97.1 55.34 
76.7 49.08 
97.7 59.59 
97.5 53.62 
116.8 60.73 
125.0 137.50 
118.3 117.11 
123.3 54.25 
116.2 87.15 
93.0 118.11 
105.0 86.10 
90.0 112.50 
4 Day (? P 
83.5 35.90 
78.5 47.10 
91.8 29.37 
77.5 47.27 
84.2 39.57 
81.0 34.83 
87.4 44.57 
91.3 47.47 
84.5 59.15 
89.6 38.52 
91.7 56.85 
82.8 41.40 
77.2 29.33 
88.8 43.51 
74.1 63.72 
73.4 34.49 
90.6 55.26 
90.2 55.02 
78.1 26.55 
63.8 33.17 
76.5 53.55 
68.9 46.16 
71.6 31.50 
69.7 36.94 
69.8 18.14 
71.5 33.60 
65.5 26.20 
4 Day ^  P 
66.3 53.04 
67.6 41.91 
69.5 47.26 
84.2 40.41 
105.2 27.35 
81.6 30.19 
86.1 38.74 
88.8 36.40 
98.6 47.32 
82.2 17.26 
85.6 38.52 
87.4 78.66 
89.2 50.84 
85.5 25.65 
77.8 51.34 
90.8 62.65 
91.6 69.61 
88.7 38.14 
81.1 34.06 
80.3 61.02 
79.7 61.36 
77.0 18.48 
104.8 28.29 
81.5 19.56 
73.3 29.32 
89.9 42.25 
91.1 37.35 
84.2 46.31 
71.5 17.16 
89.2 23,19 
92.6 27.78 
4 Day ^  P 
108.4 62.87 
112.1 67.26 
117.4 73.96 
112.2 74.05 
106.3 58.34 
110.8 56.50 
125.4 66.46 
114.1 71.88 
92.2 45.17 
102.7 67.78 
120.5 53.02 
123.2 65.29 
4 Day % P 
118.0 46.02 
115.9 57.95 
94.7 40.72 
100.8 71.56 
88.3 36.20 
86.6 53.69 
111.1 52.21 
115.7 62.47 
103.3 34.08 
104.1 70.78 
5 Day cT P 
75.4 57.30 
83.0 43.16 
89.9 89.00 
94.8 58.77 
93.0 47.43 
94.0 62.98 
89.3 64.29 
90.8 68.10 
85.8 66.06 
93.1 54.92 
64.6 38.11 
76.7 47.55 
82.6 61.12 
84.4 85.24 
81.1 60.82 
74.4 54.31 
97.4 55.51 
89.3 53.58 
80,3 44,96 
92.5 49.95 
83.2 46.59 
79.8 43.09 
80.9 60.67 
82.4 93.11 
89.1 60.58 
83.3 16.66 
95.6 57.36 
83.3 69.97 
83.1 49.02 
89.6 39.42 
76.1 34.24 
Cl.l 33.70 
96.8 70.66 
5 Day ^  P 
91.8 95.47 
81.1 72.17 
85.5 48.73 
89.3 75.01 
5 Day ? P 
98.3 75.69 
102.3 77.74 
103.5 72.45 
116.3 88.38 
117.6 105.84 
102.5 65.60 
108.6 92.31 
89.0 101.46 
89.0 68.53 
99.3 88.37 
101.2 81.97 
107.5 94.60 
112.9 86.93 
110.2 74.93 
114.8 79.21 
124.3 85.76 
133.6 114.89 
86.3 100.10 
112.0 98.56 
111.8 112.91 
120.7 54.31 
114.6 92.82 
95.3 50.50 
119.9 105.51 
117.6 81.14 
113.1 98.39 
99.8 58.88 
109.1 80.73 
105.7 84.56 
118.1 93.29 
110.3 89.34 
6 Day P 
73.1 70.90 
79.7 62.96 
67.8 86.10 
76.6 70.47 
71.7 38.71 
71.2 54.82 
78.7 63.74 
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Table 9. (Continued) 
Wt(mg) nim^02/ Wt(mg) mm302/ Wt(mg) Wt(mg) mm^02/ 
insect/hr insect/hr insect/hr insect/hr 
6 Day P 
77.1 65.53 
66.6 53.94 
73.3 60.10 
68.9 50.98 
77.7 69.15 
79.6 57.74 
77.6 42.68 
69.7 49.48 
67.4 43.81 
71.1 93.14 
72.7 52.34 
74.1 83.73 
68.8 58.48 
71.7 55.20 
71.3 61.31 
74.3 59.44 
73.0 64.97 
63.3 86.72 
63.5 55.88 
70.8 48.85 
78.4 76.04 
77.2 38.60 
74.1 42.97 
67.0 56.95 
74.5 78.22 
79.7 70.93 
62.2 75.26 
74.1 69.65 
75.7 67.37 
70.7 79.18 
72.5 76.12 
6 Day • ^ P 
111.6 122.76 
109.9 100.00 
113.7 108.01 
82.4 74.16 
91.5 78.69 
99.2 98.20 
96.1 90.33 
96.3 114.59 
92.8 118.78 
89.6 114.68 
95.5 84.99 
101.6 93.47 
6 Day ? P 
105.7 88.78 
97.8 91.92 
102.7 113.44 
81.8 87.52 
88.7 77.16 
119.4 105.07 
90.0 85.50 
108.8 87.04 
114.3 97.15 
107.6 74.24 
103.7 124.44 
104.3 92.82 
118.2 140.65 
85.3 98.09 
116.2 138.27 
101.3 109.40 
87.8 169.45 
114.6 80,22 
7 Day ê p 
77.6 83.03 
74.4 85.56 
68.6 74.08 
88.5 81.42 
81.4 95.23 
88.1 72.24 
76.2 67.81 
71.0 55:38 
89.8 37.71 
85.8 60.06 
78.0 50.70 
81.8 41.71 
79.2 76.82 
85.5 46.17 
73.4 74.86 
88.3 118.32 
76.3 98.42 
94.8 73.94 
83.0 48.97 
80.9 82.51 
82.2 65.76 
83.1 58.17 
86.1 48.21 
79.3 38.25 
82.9 50.56 
7 Day cT P 
79.5 81.09 
85.1 50.20 
69.7 53.66 
88.4 97.24 
77.9 76.34 
78.1 43.73 
76.7 75.93 
84.7 65.21 
78.9 61.54 
90.2 77.37 
7 Day ? P 
95.3 114.36 
76.1 88.27 
125.6 149.46 
115.0 123.05 
109.8 159.21 
107.1 103.88 
105.0 115.50 
101.0 135.34 
112.6 148.63 
101.5 129.92 
84.6 107.44 
112.7 157.78 
98.7 100.67 
114.9 33.32 
130.5 67.86 
119 = 1 71.46 
118.7 84.27 
115.7 106.44 
96.4 60.73 
106.1 82.75 
89.3 100.01 
109.1 73.09 
97.4 70.12 
95.5 86.90 
105.1 94.59 
1 Day A 
35.3 73.32 
45.1 106.31 
43.6 106.45 
40.9 78.02 
36.4 38.89 
36.9 57.93 
34.7 78.65 
1 Day (f A* 
38.4 55.68 
32.7 30.69 
37.2 79.98 
38.8 62.38 
44.3 129.21 
37.0 63.64 
42.3 104.05 
51.2 118.66 
46.2 93.32 
40.0 94.80 
42.2 89.88 
55.5 110.34 
38.2 83.27 
49.1 144.20 
36.1 49.74 
41.8 92.37 
35.3 56.75 
42.8 107.42 
37.5 80.62 
35.6 82.23 
38.5 85.47 
39.5 23.30 
34.3 73.05 
35.4 46.72 
29.5 113.57 
46.9 111.97 
41,8 75,65 
1 Day % A 
57.3 146.11 
64.8 103.52 
56.8 146.54 
58.1 137.69 
65.9 158.04 
67.3 139.31 
66.4 140.66 
75.2 190.88 
73.3 153.93 
57.8 123.58 
65.4 118.93 
62.3 138.81 
60.7 148.71 
66.4 142.09 
63.7 135.57 
69.9 213.19 
= Adult. 
84 
Table 9. (Continued) 
Wt(mg) mm^02/ Wt(mg) mm^02/ Wt(mg) inm^02/ Wt(mg) mm302/ 
insect/hr insect/hr insect/hr insect/hr 
1 Day ? A 
65.9 101.40 
66.9 107.04 
80.8 165.64 
67.1 144.26 
65.2 141.37 
69.4 154.06 
74.1 152.54 
77.2 108.78 
77.9 267.80 
63.1 112.94 
62.1 99.90 
69.1 148.56 
64.8 156.04 
61.3 101.67 
65.0 126.10 
2 Day A 
33.3 60.60 
31.9 27.11 
35.3 63.45 
33.2 85.32 
33.8 67.93 
32.7 111.83 
36.4 56.70 
30.1 50.18 
32.8 28.16 
33.5 151.42 
37.7 78.79 
35.0 53.12 
30.2 129.86 
33.0 48.84 
38.6 96.50 
36.8 105.10 
33.5 73.59 
32.1 103.36 
33.6 48.31 
32.5 60.77 
34.8 51.15 
34.5 62.69 
38.1 70.86 
30.5 42.32 
36.6 20.49 
31.1 58.15 
33.0 59.73 
28.8 40.82 
2 Day A 
29.6 50.91 
31.8 72.07 
38.5 84.20 
32.0 65.92 
33.2 84.86 
2 Day ^  A 
61.7 98.64 
65.3. 92.07 
53.2 81.39 
59.9 108.92 
58.5 76.63 
76.1 100.45 
79.0 111.39 
74.6 117.04 
63.8 121.85 
68.1 121.12 
64.1 85.25 
61.7 107.97 
57.8 120.22 
61.3 118.82 
66.4 88.97 
50.6 72.35 
52.1 82.75 
48.8 119.43 
69.9 149.58 
57.0 88.92 
59.3 121.56 
57.3 97.32 
60.0 123.00 
66.7 164.74 
62.6 92.57 
60.7 92.26 
64.7 119.04 
60.4 69.40 
66.8 131.49 
59.8 149.97 
64.3 127.95 
61.3 129.23 
60.0 131.89 
59.8 104.56 
3 Day <i" A 
28.5 60.70 
29.3 38.38 
26.0 41.60 
3 Day cC A 
28.3 30.51 
33.0 42.83 
35.0 42.98 
32.5 62.07 
35.9 50.19 
34.0 69.59 
34.8 25.40 
34.5 51.75 
34.7 55.44 
31.8 74.93 
37.0 66.51 
30.5 21.61 
31.4 33.91 
30.3 55.66 
36.9 63.38 
32.1 53.60 
32.6 52.48 
31.3 66.35 
34.1 7.84 
33.4 26.72 
34.2 9.90 
27.7 45.42 
35.5 50.69 
34.7 65.23 
31.5 65.73 
37.0 52.09 
35.8 49.76 
3 Day ? A 
52.6 51.49 
47.3 98.28 
49.8 50.24 
46.1 21.18 
38.8 55.87 
53.2 61.12 
54.5 57.22 
50.0 26.00 
50.8 36.57 
49.1 44.68 
47.0 29.57 
52.3 122.38 
66.5 83.72 
56.8 94.20 
60.7 30.35 
41.0 57.40 
3 Day ? A 
57.4 78.63 
55.6 38.36 
63.1 102.85 
58.7 91.49 
63.4 74.17 
67.2 87.96 
47.6 38.51 
56.5 78.46 
55.6 54.48 
48.9 129.45 
76.8 73.72 
70.4 75.97 
65.9 82.37 
65.8 88.76 
74.8 79.23 
50.3 69.84 
68.7 82.44 
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Table 10. Data on weight, oxygen uptake and P. pvraustae spore number for 
European corn borers ranging in age from day 7 of larval life 
to day 3 of adult life 
Wt(mg) mm^02/ No. Wt(mg) mm302/ No. Wt(mg) mm^02/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr x 6666/ hr x 6666/ 
mg mg mg 
7 Day 7 Day L 8 Day L 
6.0 27.21 19 5.6 8.97 14 11.3 2.57 0 
5.5 5.01 2 4.4 1.38 1 20.3 36.40 0 
9.3 15.41 14 5.8 8.80 6 14.1 22.44 4 
5.7 23.99 3 4.5 13.22 25 14.6 55.80 0 
4.4 12.71 4 3.1 9.73 10 14.2 40.77 0 
7.3 80.26 31 4.7 49.04 6 14.4 45.47 0 
4.1 42.18 26 1.9 27.51 1 11.2 42.17 0 
7.4 52.23 1 2.6 27.06 6 18.7 21.98 0 
4.6 4.99 13 8 Day L 19.9 9.98 0 
4.8 16.21 15 10.5 20.27 4 8.7 61.04 2 
3.4 33.79 2 14.0 26.30 13 9 Day L 
2.9 26.31 9 7.4 13.12 18 21.8 119.86 19 
3.1 34.98 23 7.7 29.41 35 25.6 78.38 12 
5.4 38.46 15 8.7 21.51 26 24.3 68.09 27 
3.0 30.12 6 6.6 38.63 7 12.0 88.31 11 
6.2 65.90 2 12.6 54.92 34 22.2 66.18 25 
2.4 26.27 8 10.5 58.79 19 25.6 84.26 17 
9.6 52.26 1 7.2 15.16 26 14.7 56.83 13 
7.3 49.80 3 11.5 29.24 41 22.9 86.36 21 
2.0 37.22 14 7.5 31.86 72 24.3 92.64 13 
3.9 14.87 26 13.3 30.71 29 23.5 143.61 15 
3.9 47.26 1 8.4 14.00 22 24.0 90.89 12 
3.3 46.66 4 9.1 14.50 54 17.2 107.03 14 
5.8 48.35 12 13.1 53.80 16 16.8 86.06 12 
3.2 35.10 10 12.5 50.62 56 10.9 64.83 38 
3.2 34.53 5 8.7 55.58 7 14.9 102.49 8 
4.6 33.41 20 9.7 47.29 5 34.9 153.18 6 
7.7 53.24 18 11.5 21.92 9 25.1 118.06 50 
4.8 26.67 9 13.6 65.57 14 19.1 29.92 25 
3.7 38.48 33 13.0 45.24 23 25.8 86.85 16 
3.9 36.65 16 14.9 88.16 16 22.3 65.97 8 
3.8 48.41 12 9.8 38.62 6 10.1 43.87 13 
5.7 55.32 6 11.4 62.08 6 27.0 34.12 13 
6.9 24.69 3 9.1 84.92 15 31.3 46.50 5 
5.3 32.91 2 14.6 95.25 12 13.4 18.35 11 
6.5 20.73 5 10.4 47.24 33 29.6 47.74 0 
7.1 46.95 4 16.5 80.68 31 24.3 95.01 9 
= larvae. 
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Table 10. (Continued) 
Wt(mg) im^02/ No. Wt(mg) mm^02/ No. Wt(mg) inm302/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr x 6666/ hr x 6666/ 
mg mg mg 
4.8 46.28 2 10.7 66.15 12 24.9 80.08 15 
5.3 26.14 17 8.7 88.64 6 32.0 99.67 33 
2.6 27.56 4 8.0 65.26 23 14.0 16.79 22 
7.5 18.18 20 11.9 65.50 1 18.0 30.49 56 
3.7 2.72 5 9.1 73.12 1 19.8 74.88 12 
4.1 36.21 3 19.2 62.22 0 17.3 23.71 6 
1.6 19.50 5 12.3 39.22 4 28.1 54.95 9 
7.1 17.07 10 7.7 23.71 17 19.1 39.93 4 
5.2 20.94 33 13.0 61.25 8 21.0 50.93 12 
3.5 28.85 17 10.2 4.23 4 21.3 92.30 21 
2.6 7.96 27 14.3 52.52 8 17.7 65.75 4 
2.8 28.27 5 9.5 38.41 8 19.5 93.03 20 
4.9 17.00 26 11.2 9.26 0 11.1 40.72 10 
3.7 19.95 2 7.6 8.97 1 25.3 107.47 12 
5.8 14.39 13 8.2 66.34 7 13.3 22.72 3 
8.6 14.39 2 12.3 43.87 0 15.2 45.36 16 
2.2 21.40 4 13.1 31.72 10 18.5 69.66 24 
1.9 18.45 1 8.8 42.14 11 21,7 129.86 15 
3.3 13.75 6 17.5 5.26 3 10.7 33.74 13 
4.8 12.48 3 9.4 33.28 0 15.7 82.80 37 
3.7 18.22 1 11.0 55.51 16 17.7 77.94 9 
3.0 12.61 11 17.5 92.49 0 31.5 114.21 9 
4.3 29.93 7 17.9 96.43 0 20.6 67.65 5 
5.3 28.19 1 9.8 7.30 0 18.6 60.81 23 
1.7 4.15 2 12.7 14.63 0 8.4 50.63 27 
7.9 50.70 6 14.1 69.79 0 23.2 106.20 21 
4.8 26.24 21 9.2 39.33 0 12.7 53.22 0 
9 Day L 10 Day L 11 Day L 
24.7 99.64 3 13.7 43.99 8 33.0 32.38 9 
21.3 83.08 0 10.8 65.31 57 29.2 13.37 10 
9.3 17.97 24 36.8 59.13 26 30.2 79.50 30 
16.0 75.25 9 10.4 65.57 41 27.0 85.33 0 
18.6 70.96 18 19.4 67.84 15 16.1 104.72 31 
28.4 79.92 14 17.1 81.70 5 27.4 135.74 7 
20.9 72.23 6 10.2 24.99 54 27.0 97.69 28 
13.6 23.49 19 8.9 40.60 26 26.8 118.12 34 
20.6 43.99 9 25.6 97.93 12 26.7 78.79 2 
23.4 76.61 0 33.4 95.19 4 34.4 75.55 6 
32.6 55.27 0 19.4 60.71 18 26.2 136.62 8 
16.2 35.65 14 10.0 54.17 1 32.6 98.65 8 
16.0 47.53 0 14.3 47.24 6 21.7 119.55 2 
16.1 78.12 6 13.4 39.65 18 33.6 144.9 0 
9.0 14.24 21 13.9 45.92 20 20.9 76.29 12 
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Table 10. (Continued) 
Wt(ing) mm^02/ No. Wt(mg) nrm^02/ No. Wt (mg) im^02/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr x 6666/ hr x 6666/ 
mg mg mg 
10 Day L 12.7 21.05 7 28.2 149.21 4 
8.7 41.69 10 12.2 25.31 5 25.4 39.93 13 
12.8 56.30 58 11 Day L 21.3 84.23 0 
22.2 72.31 17 31.2 48.95 15 22.0 81.65 9 
29.5 141.98 21 28.6 62.73 0 30.0 49.14 7 
7.9 52.03 8 17.0 35.53 15 29.9 19.91 5 
23.9 85.98 16 25.9 77.95 1 12 Day L 
26.1 86.29 6 27.9 7.31 17 103.8 214.45 10 
10.3 64.47 84 13.2 4.65 17 51.9 171.19 17 
25.4 100.10 6 16.0 68.16 2 80.0 197.61 7 
33.8 97.35 16 37.8 26.52 20 109.9 289.23 10 
13.1 44.98 16 30.7 38.51 6 89.6 228.69 2 
6.2 40.35 37 29.2 36.39 5 64.4 174.22 5 
13.7 51.97 14 24.5 81.13 8 79.6 219.85 15 
12.0 30.32 14 25.7 86.30 11 73.7 169.57 4 
26.8 70.14 8 27.3 76.20 3 93.4 217.89 9 
26.2 105.80 2 37.2 50.78 0 83.4 118.72 3 
29.4 78.87 11 26.1 94.84 5 103.7 278.32 9 
26.5 50.66 21 30.8 63.18 14 38.8 131.81 37 
15.1 48.22 16 25.5 53.22 23 103.1 273.78 13 
19.9 36.54 12 16.1 74.30 23 61.3 205.71 4 
11.3 29.26 7 24.9 24.10 12 112.4 260.25 2 
19.2 48.84 3 15.5 61.19 16 86.4 159.12 0 
20.6 23.88 7 19.2 63.32 23 128.5 353.52 8 
28.8 87.30 14 29.8 101.00 16 118.1 315.76 0 
28.2 29.11 15 28.7 70.38 48 58.0 211.04 25 
24.3 49.85 22 31.0 26.25 2 82.2 193.42 7 
18.2 50.36 4 29.4 73.95 9 81.6 239.91 7 
16.8 53.36 17 29.5 58.40 11 70.8 272.57 4 
6.3 56.18 14 30.8 96.65 38 81.3 214.91 15 
11.0 31.63 20 27.6 65.79 23 64.4 280.47 13 
35.4 142.83 8 32.1 70.82 8 103.4 253.57 3 
21.1 71.32 27 16.7 58.30 2 77.1 269.83 0 
8.8 71.44 20 17.4 50.74 23 60.6 219.18 27 
22.1 78.47 9 29.2 65.46 11 44.2 152.38 12 
24.3 41.28 22 24.0 69.00 12 55.8 167.49 9 
25.7 88.70 32 36.3 62.16 30 73.7 286.65 10 
17.1 58.04 48 29.2 107.75 34 84.6 273.89 2 
22.3 90.59 6 13.5 2.96 53 48.9 209.44 11 
34.0 104.81 28 16.2 47.72 67 62.6 188.86 10 
32.0 115.01 11 30.4 30.96 2 89.2 145.56 6 
24.3 59.37 32 25.3 45.58 5 37.7 63.01 7 
24.9 112.86 19 25.8 76.75 28 85.7 126.84 21 
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Table 10. (Continued) 
Wt(mg) inm^02/ No. Wt(mg) inm^02/ No. Wt(mg) mm^02/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr X 6666/ hr X 6666/ 
mg mg mg 
10.0 59.56 52 29.1 126.41 12 82.3 117.77 19 
30.4 52.81 21 18.7 58.29 15 72.5 117.84 5 
10.2 22.69 62 18.5 27.62 8 51.6 128.87 6 
9.8 23.77 3 28.8 33.71 10 100.5 147.28 0 
20.4 89.67 3 23.5 14.52 13 32.9 78.75 50 
9.9 28.47 4 18.0 13.83 2 87.1 106.44 16 
12 Day L 13 Day L 14 Day L 
83.8 172.81 26 77.7 139.32 12 106.6 260.43 9 
103.6 191.29 30 92.6 151.75 5 101.5 252.02 11 
84.6 162.66 0 98.2 127.10 10 102.1 245.11 9 
70.8 160.65 16 90.4 143.56 11 118.2 285.60 20 
57.9 130.35 24 62.4 106.66 6 98.0 115.51 26 
122.6 142.23 50 115.5 221.77 53 90.5 289.05 11 
87.8 215.82 8 46.8 105.43 3 83.1 147.42 22 
71.9 176.60 5 63.3 147.19 1 91.9 202.44 10 
77.1 195.15 9 89.7 248.27 9 85.3 221.47 31 
74.1 153.27 20 91.3 120.99 12 96.8 274.42 4 
67.5 150.91 13 46.8 63.58 33 92.3 222.24 11 
94.1 181.03 15 64.6 82.26 6 79.3 231.24 9 
117.1 222.25 8 88.2 255.68 25 93.5 280.80 33 
59.8 124.58 14 76.6 226.20 62 139.5 253.67 17 
33.3 41.08 7 66.6 192.09 25 133.2 324.69 11 
133.8 147.58 0 37.3 152.23 24 97.7 160.02 9 
119.0 253.56 0 97.3 207.66 8 116.1 216.86 13 
93.3 235.37 18 87.5 229.99 17 114.5 166.00 24 
84.5 69.41 29 97.5 257.09 14 123.6 211.70 11 
28.6 53.48 14 48.6 197.20 57 110.6 141.52 57 
41.3 55.31 11 40.4 149.33 21 81.4 135.36 18 
48.2 60.42 5 103.7 309.49 26 113.4 222.76 1 
39.8 39.91 23 78.8 219.35 10 103.4 203.77 0 
73.7 117.19 20 43.7 184.20 25 116.4 171.29 21 
13 Day L 73.3 229.54 14 105.2 143.18 6 
71.0 113.28 28 64.8 179.31 13 70.6 136.09 8 
97.1 137.01 26 37.5 177.76 50 65.6 114.48 10 
114.1 113.61 14 65.7 187.41 56 116.8 150.61 27 
108.3 180.86 13 14 Day L 111.1 120.05 17 
97.3 135.37 2 95.1 180.50 9 105.3 181.30 12 
94.5 83.85 18 137.5 298.25 9 68.1 125.43 15 
62.7 65.78 13 80.2 230.98 19 65.0 70.04 9 
76.4 96.86 12 86.8 148.34 0 73.8 149.23 14 
73.9 160.81 22 105.3 204.04 39 1 Day i pa 
= pupae. 
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Table 10. (Continued) 
Wt(mg) mm^02/ No. Wt(mg) mm^02/ No. Wt(mg) mm^02/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr x 6666/ hr x 6666/ 
mg rag mg 
80.3 103.70 13 87.2 274.64 18 66.6 93.55 68 
45.4 74.15 14 121.8 304.13 14 60.4 151.99 22 
38.7 84.87 34 106.6 220.24 72 76.1 133.20 20 
49.0 73.16 42 125.7 333.75 0 75.0 92.28 50 
93.1 167.52 40 95.3 151.66 11 65.1 78.52 73 
95,1 156.73 10 95.9 191.30 11 81.6 91.15 54 
31.8 37.41 51 103.8 225.20 14 79.9 109.84 56 
99.1 144.60 21 90.2 223.04 5 88.1 124.72 52 
95.7 249.48 1 79.0 213.54 12 82.6 91.51 64 
86.4 204.47 18 94.1 152.46 12 82.1 55.71 50 
129.7 294.81 0 113.6 320.58 14 66.5 58.41 34 
109.5 285.45 11 88.6 174.28 6 95.6 148.24 34 
65.7 121.95 10 74.3 138.50 25 78.4 48.71 99 
84.2 143.75 5 85.4 168.53 30 76.4 77.13 76 
108.2 294.48 4 109.4 202.38 23 84.2 80.98 81 
91.5 242.99 27 111.3 240.45 24 88.4 78.95 37 
79.3 156.43 7 77.3 133.79 20 90.9 62.25 48 
93.7 226.75 11 106.8 185.48 21 63.7 10.14 48 
99.5 229.58 4 62.6 162.29 46 72.2 68.87 79 
108.4 165.11 9 107.4 216.96 40 66.6 20.52 34 
67.5 183.97 14 104.1 217.69 10 76.6 106.59 110 
82.8 167.58 14 107.1 251.64 18 72.2 40.69 73 
86.8 248.42 13 68.5 97.05 27 81.7 45.64 15 
90.4 210.05 26 77.0 184.76 17 65.3 107.03 80 
105.5 332.73 2 101.4 225.50 27 83.3 69.96 30 
90.2 200.95 27 78.4 224.22. 14 70.2 97.71 54 
83.5 119.39 5 124.0 257.37 12 77.3 49.37 54 
63.7 167.28 19 102.2 205.58 21 71.7 53.07 38 
76.2 90.01 52 97.3 241.43 16 75.3 70,03 73 
93.7 187.31 9 100.5 193.36 22 74.2 34.44 ÇC 
1 Day P 2 Day ^ P 2 Day P 
70.6 48.86 92 63.3 77.45 34 102.2 71.73 25 
60.2 86.65 48 74.2 78.92 47 89.7 92.01 26 
89.3 125.93 66 77.7 82.30 63 79.7 44.78 13 
63.3 108.21 48 83.7 114.94 76 90.2 89.40 0 
76.2 51.06 62 84.2 112.99 87 92.8 62.24 30 
1 Day ? P 82.2 140.46 43 93.3 40.73 20 
84.1 104.35 49 72.8 82.84 38 92.8 56.44 29 
100.9 114.99 32 68.2 66.14 32 104.2 101.41 24 
94.2 193.53 32 67.3 93.43 30 85.5 76.27 69 
82.0 99.13 45 71.3 93.84 53 84.8 45.02 49 
89.6 69.98 26 65.5 115.71 98 105.5 49.45 34 
106.5 181.36 39 69.5 71.65 41 95.7 83.72 65 
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Table 10. (Continued) 
Wt(mg) mm^02/ No. Wt(ing) min302/ No. Wt(mg) mm302/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr x 6666/ hr x 6666/ 
mg mg mg 
83.3 102.60 26 79.7 78.45 30 99.7 66.53 46 
78.4 124.34 24 70.2 65.26 50 3 Day ^  P 
114.5 230.19 46 76.6 53.14 28 78.5 48.75 78 
99.4 70.56 63 67.3 45.95 30 73.3 41.87 67 
92.5 111.81 74 70.6 67.61 33 70.8 41.03 38 
92.5 113.68 47 73.7 49.65 16 70.4 26.65 138 
134.4 109.71 17 72.6 79.35 18 80.4 7.46 22 
105.7 91.97 77 81.3 26.20 89 69.3 27.90 57 
98.4 93.38 62 71.3 65.18 27 75.3 52.61 66 
76.3 86.81 15 88.2 42.62 46 70.2 24.70 61 
115.0 120.58 93 81.7 76.24 116 88.4 2.49 44 
99.7 62.47 35 67.3 70.74 17 66.8 13.87 56 
117.7 110.64 53 74.2 43.41 50 72.6 6.74 78 
110.4 87.45 42 77.7 44.35 24 71.3 15.27 80 
90.4 4.86 66 57.5 6.89 30 71.5 13.54 66 
96.2 69.59 60 68.2 70.63 72 70.4 21.46 69 
98.8 57.53 73 79.3 81.05 163 70.6 6.8 73 
79.5 63.28 29 73.3 68.10 118 72.8 28.59 66 
84.2 48.04 50 84.6 102.16 83 84.2 34.55 70 
91.3 78.88 46 77.7 48.75 162 76.8 7.00 118 
83.3 2.49 33 70.6 75.95 75 77.3 11.48 98 
91.3 91.30 31 81.5 73.54 39 74.2 24.44 48 
99.7 103.27 40 68.2 45.40 90 72.2 4.82 61 
115.7 117.58 45 78.2 52.12 85 67.3 55.74 54 
80.8 47.38 47 71.5 43.91 58 67.7 34.06 68 
89.7 68.61 49 82.2 44.93 123 73.7 55.96 10 
92.8 67.96 17 66.2 56.71 50 70.8 62.69 61 
104.2 88.97 61 85.7 29.38 25 68.4 83.76 93 
96.4 135.97 48 83.5 56.65 26 79.5 41.02 33 
99.3 83.24 15 69.3 42.90 83 80.2 21.80 58 
100.8 87.15 23 75.3 50.65 52 84.6 37.69 42 
85.5 83.75 91 70.6 56.03 59 80.2 55.04 60 
75.7 119.53 43 2 Day ? P 76.2 45.38 48 
106.8 70.74 45 105.7 55.67 33 71.7 27.44 119 
81.3 145.95 36 104.6 92.33 22 60.8 47.35 36 
96.2 89.41 23 122.2 120.21 29 76.2 157.71 73 
105.5 143.70 48 115.5 87.10 46 87.3 134.25 60 
86.2 79.93 59 77.5 48.09 45 78.8 133.34 57 
88.8 111.68 25 81.5 78.61 53 75.5 172.26 55 
82.2 134.87 58 95.3 59.75 40 82.6 145.98 56 
82.2 67.22 46 94.8 95.86 15 74.6 50.94 103 
109.5 96.79 56 124.8 126.33 20 75.3 78.16 107 
102.2 127.52 25 93.5 94.70 32 76.2 81.19 45 
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Table 10 (Continued) 
Wt(ing) mm^Oo/ No. Wt(rag) mm^Oo/ No. Wt(mg) nrni^Og/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr X 6666/ hr X 6666/ 
mg mg mg 
110.4 112.30 48 75.3 91.92 40 72.6 105.03 49 
2 Day P 97.7 127.50 46 73.7 48.86 28 
87.3 62.44 21 83.5 115.30 60 77.5 96.44 72 
94.2 93.88 43 102.2 78.56 38 73.3 26.50 73 
67.3 104.65 54 98.8 49.30 69 68.6 41.35 58 
80.4 85.88 145 81.7 60.47 35 65.7 31.41 42 
70.4 68.88 110 97.5 60.17 37 71.3 23.84 120 
62.8 51.30 48 98.4 54.92 0 72.2 17.95 48 
72.8 37.18 49 86.4 82.08 50 79.5 7.27 38 
3 Day P 4 Day ^  P 5 Day<f P 
72.4 43.08 53 70.2 15.71 55 82.8 47.27 66 
70.4 48.20 86 71.3 11.26 71 78.2 42.36 58 
78.5 61.40 59 80.6 52.95 38 75.5 84.86 73 
66.5 47.36 63 60.2 4.72 65 71.3 16.89 67 
72.6 10.98 66 72.6 39.57 62 66.6 45.94 129 
3 Day î P 69.5 24.12 54 78.5 123.38 48 
95.3 214.43 69 68.6 44.36 96 66.4 85.20 60 
91.3 65.00 99 85.7 113.19 62 64.6 73.04 94 
119.3 55.65 30 84.4 58.40 36 76.6 57.84 140 
99.3 77.77 86 60.8 56.72 176 83.3 29.22 55 
87.7 41.35 60 68.8 68.67 86 78.8 97.41 80 
83.7 37.07 70 67.7 54.32 50 76.6 122.55 50 
114.6 53.09 45 73.3 49.37 32 72.8 90.48 69 
81.3 66.73 54 66.5 81.09 89 86.8 125.36 42 
88.4 37.16 38 63.7 82.54 42 64.2 61.03 29 
102.2 65.10 38 54.4 45.86 53 76.2 65.06 70 
91.3 8.97 45 78.2 88.69 58 77.7 87.91 57 
78.2 36.02 108 75.3 80.36 52 67.3 78.65 48 
94.4 65,62 25 77.3 83.73 74 71.7 89.54 85 
92.2 51.17 80 88.4 79.66 17 63.3 78.14 76 
107.5 79.39 42 69.5 80.05 64 77.7 90.73 43 
82.6 57.21 21 96.2 90.79 32 65.3 84.99 18 
107.7 76.21 70 70.8 70.45 49 66.6 122.59 53 
104.2 146.54 75 63.3 44.63 92 80.2 100.84 35 
100.8 160.15 40 69.7 48.26 54 67.5 91.22 114 
102.2 123.77 72 71.7 41.98 89 76.4 57.93 0 
88.2 128.53 39 61.3 43.49 36 68.8 88.89 58 
93.5 132.90 46 70.4 77.57 16 64.6 66.66 76 
89.7 80.25 55 75.3 51.81 13 63.3 20.20 72 
102.2 56.99 45 64.2 50.49 42 62.4 15.61 81 
84.6 48.11 48 55.5 66.74 9 70.6 13.87 48 
78.6 31.63 41 4 Day ? P 88.5 22.46 31 
101.3 67.26 50 92.8 82.24 9 74.6 10.93 18 
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Table 10. (Continued) 
Wt(mg) mm^02/ No. Wt(mg) mm^02/ No. Wt (mg) mm302/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr x 6666/ hr x 6666/ 
mg mg mg 
83.7 17.41 78 77.5 136.16 0 72.2 56.68 28 
4 Day <? P 86.4 147.44 32 69.3 21.45 32 
72.8 80.20 31 102.4 127.46 29 77.5 19.55 3 
77.7 126.98 23 83.3 65.02 83 71.7 47.53 4 
74.8 118.10 0 84.6 41.33 0 75.1 29.17 1 
72.4 70.25 38 93.3 43.56 9 69.5 49.J5 66 
74.6 79.62 34 87.3 46.01 39 67.7 20.95 46 
58.2 84.67 29 92.2 64.58 104 66.8 9.65 33 
76.2 144.55 72 95.5 65.73 99 63.5 18.38 37 
82.2 66.55 1 102.2 41.12 32 77.5 71.11 58 
76.4 114.54 41 77.5 50.15 39 73.7 89.33 50 
68.8 81.22 45 136.8 60.80 27 76.6 41.33 29 
62.8 95.38 50 86.4 33.35 106 70.2 66.73 1 
65.5 66.65 29 94.8 18.36 16 75.5 67.39 34 
80.2 131.18 100 123.7 67.67 38 71.3 74.39 31 
68.8 62.48 40 95.5 49.62 103 60.8 70.49 45 
79.3 96.24 102 112.2 151.67 52 65.7 59.66 30 
65.3 34.07 83 78.8 59.56 102 68.6 126.71 63 
76.2 34.82 55 92.8 77.71 58 77.5 101.30 24 
72.8 31.41 103 85.3 79.10 89 72.2 122.48 68 
74.8 63.57 73 94.6 98.25 14 70.2 32.18 26 
73.5 79.63 101 85.5 82.27 3 67.3 48.49 38 
70.4 73.56 186 102.8 144.34 3 78.2 84.37 37 
75.3 82.76 69 92.4 123.79 3 75.3 142.74 56 
79.7 67.25 28 5 Day 6' P 67.5 59.60 10 
58.2 9.25 1 79.2 26.96 63 5 Day ^  P 
78.2 49.43 34 88.8 54.66 62 102.2 48.48 75 
69.7 35.00 52 82.5 89.38 66 87.5 42.86 138 
81.5 52.12 89 68.2 81.62 41 96.2 64.31 98 
78.4 10.86 59 65.7 14.30 83 88.4 75.56 120 
77.5 49.68 30 70.5 47.80 29 108.6 65.09 37 
5 Day ? P 6 Day P 7 Day d" P 
101.3 128.27 44 84.6 76.80 39 77.2 71.51 101 
100.2 89.15 49 6 Day $ P 78.2 72.67 41 
92.2 100.29 72 107.2 111.92 10 64.8 45.58 152 
112.4 172.69 59 79.1 57.03 32 82.1 43.07 28 
95.5 98.33 105 94.3 62.59 99 61.8 64.10 45 
72.8 58.13 57 102.6 77.76 36 67.8 34.21 32 
91.7 151.29 8 92.2 38.91 21 72.1 35.67 74 
98.2 118.29 24 86.1 42.37 34 84.7 34.87 55 
114.8 88.39 62 96.6 56.37 73 58.6 65.07 56 
115.3 161.45 54 100.4 89.56 33 92.8 73.42 126 
88.8 43.59 7 108.6 91.97 34 74.6 138.70 35 
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Table 10. (Continued) 
wt (mg) iran^Oo/ No. Wt(mg) mm302/ No. Wt(nig) iffln302/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ 
mg 
hr X 6666/ 
rog 
hr X 6666/ 
mg 
83.7 42.87 1 101.2 105.22 40 75.7 46.15 81 
95.7 57.88 6 79.1 50.-^2 42 74.4 50.26 166 
89.3 40.06 16 101.9 7^.62 29 71.3 60.88 74 
83.7 78.40 68 124.1 1,6.72 15 67.3 85.46 76 
6 Day P 87.2 78.96 52 69.7 62.29 112 
65.1 57.79 1 89.8 124.61 40 78.8 69.31 52 
67.7 96.64 43 84.8 78.52 41 74.8 65.61 46 
78.7 56.85 0 79.7 93.08 117 63.3 21.82 93 
74.5 95.95 3 111.3 142.22 46 80.8 60.92 57 
65.0 56.44 40 98.4 160.29 27 64.8 38.63 53 
78.4 77.22 36 99.7 '17.94 105 70.4 40.54 71 
74.6 72.5/, 0 93.3 113.43 105 69.7 60.31 15 
74.8 52.42 29 71.7 ;i.52 52 54.8 65.41 155 
66.9 67.36 0 99.7 100.40 78 71.5 82.67 58 
75.9 101.52 1 112.6 139.06 129 7 Day ^  P 
77.3 42.64 66 92.6 113,71 79 96.8 74.42 43 
68.8 99.59 1 98.2 166.19 51 99.7 66.66 49 
81.2 75.42 28 109.2 151.6i 68 86.8 55.08 82 
82.5 72.13 36 97.3 99.94 64 119.8 104.16 26 
80.4 77.17 32 97.5 124.85 59 100.3 149.12 38 
74.3 50.52 26 101.3 90.46 67 90.7 84.08 16 
80.4 70.91 53 110.8 83.65 66 90.6 115.26 21 
75.2 44.11 66 115.7 103.17 34 94.3 111.65 61 
67.5 47.12 51 98.2 42.27 75 115.7 109.88 53 
70.1 53.40 61 106.4 81.29 )9 129.6 189.43 36 
81.4 00.49 54 89.7 74.72 47 103.5 133.91 65 
86.2 60.34 106 84.6 67.24 /5 96.7 106.47 25 
66.8 12.46 45 7 Day 0 83.7 70.60 93 
78.5 52.42 61 75.3 67.01 22 99.5 84.24 38 
78.2 71.89 46 68.3 58.44 84 92.2 53.48 18 
70.8 111.58 43 82.6 72.15 49 113.2 92.34 66 
70.6 150.14 56 64.8 28.36 122 87.2 30.75 45 
69.8 78.22 130 74.2 60.07 82 86.0 42.29 105 
76.8 97.20 143 64.2 36.28 90 84.2 76.03 98 
67.9 78.83 76 67.7 41.28 56 113.7 140.89 89 
57.8 66.04 71 74.2 60.48 53 88.8 145.92 40 
73.7 91.66 43 76.4 53.86 69 89.1 71.93 70 
84.4 142.31 71 56.2 72.08 83 100.2 103.23 52 
62.8 48.45 68 60.2 63.68 77 110,4 89.57 19 
72.8 68.85 64 61.7 44.24 72 93.3 54.71 68 
75.3 85.79 51 70.8 55.48 48 96.2 113.04 51 
59.5 101.86 0 68.4 49.03 66 90.6 101.47 65 
72.1 82.20 93 85.5 131.92 61 109.3 96.50 76 
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Table 10. (Continued) 
Wt(mg) xm?On/ No. Wt(mg) mm^Oo/ No. Wt(mg) mm302/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ 
mg 
hr X 6666/ 
mg 
hr x 6666/ 
mg 
70.4 93.74 53 71.4 57.57 59 90.4 97.42 48 
62.5 65.29 31 80.1 60.58 41 90.2 50.01 99 
60.4 67.48 78 76.4 110.23 16 83.3 58.63 28 
55.7 43.09 29 67.6 33.31 51 94.8 151.09 58 
55.3 68.12 72 72.3 94.82 45 87.3 78.51 33 
76.2 90.02 40 67.2 111.07 56 91.3 65.97 30 
60.6 53.87 35 74.2 43.97 109 97.5 104.65 92 
70.6 89.65 163 69.6 65.87 40 1 Day A® 
70.2 63.42 48 64.7 88.25 1 37.1 83.30 140 
72.2 68.40 
1 Day A 
57 70.5 109.93 
1 Day ? A 
33 37.1 83.25 
2 Day ï A 
168 
33.3 54.60 82 52.7 87.84 129 52.2 84.66 79 
40.3 70.05 0 2 Day v?* A 50.9 119.77 58 
29.0 42.98 172 35.3 84.27 60 73.7 131.88 41 
42.2 134.09 59 33.6 40.99 167 54.3 168.29 70 
33.7 83.16 86 27.1 60.87 70 48.9 134.26 38 
44.8 100.48 0 29.4 73.06 150 45.9 52.17 109 
32.8 78.68 0 36.6 92.55 183 51.7 102.20 25 
35.6 128.26 172 29.9 55.79 114 3 Day c? A 
31.0 59.14 122 30.3 83.84 116 23.7 145.81 220 
49.0 137.52 67 28.0 58.34 250 20.3 99.04 133 
35.6 117.53 80 25.3 30.81 149 21.9 116.11 81 
36.8 109.57 78 26.9 82.48 247 31.2 58.95 212 
30.1 90.82 99 38.4 72.22 124 25.7 61.03 95 
33.0 88.29 167 25.3 23.97 121 29.9 77.34 146 
39.9 117.42 170 27.1 60.95 78 25.9 90.81 74 
46.1 112.44 222 32.5 53.45 152 21.4 93.08 132 
42.3 85.38 146 27.1 60.58 103 26.1 73.97 152 
35.7 103.96 156 25.6 32.97 97 32.0 77.86 108 
29.4 61.39 0 33.7 34.91 76 27.3 94.40 87 
47.6 109.49 193 40.0 127.20 89 31.4 112.43 156 
28.7 84.55 82 29.7 45.00 191 30.4 103.85 128 
35.8 84.15 161 27.6 98.56 24 27.6 62.92 230 
29.0 82.80 96 29.8 107.00 142 29.0 91.77 167 
31.7 65.27 158 37.0 103.93 91 26.7 70.13 168 
34.2 92.55 77 30.5 70.90 191 ?3.1 64.39 50 
30.4 109.28 160 32.0 72.63 46 29.6 92.55 67 
39.1 92.81 132 44.4 92.99 234 27.5 117.01 184 
33.0 62.29 29 25.2 69.63 153 29.6 72.27 115 
41.0 50.78 116 29.7 93.01 252 31.2 78.61 89 
30.2 57.95 0 27.9 78.66 97 27.4 67.81 115 
= adult. 
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Table 10. (Continued) 
Wt(mg) mm O2/ No. Wt(mg) mm^02/ No. Wt(mg) mm O2/ No. 
insect/ spores insect/ spores insect/ spores 
hr X 6666/ hr x 6666/ hr x 6666/ 
mg mg mg 
34.0 49.89 53 24.0 40.32 98 32.5 92.37 78 
1 Day $ A 37.4 184.06 70 25.4 79.46 186 
67.3 160.96 70 34.1 93.20 99 24.8 116.93 112 
56.5 197.86 43 26.1 103.86 42 23.5 60.93 163 
67.2 154.25 136 30.6 107.51 130 24.0 53.95 90 
72.5 133.45 31 34.1 91.95 50 26.2 44.56 126 
61.0 127.34 97 2 Day^ A 23.8 66.11 183 
62.9 221.14 58 53.4 176.63 36 28.3 72.25 81 
42.1 65.18 173 52.8 123.12 59 30.6 152.14 121 
69.5 168.39 70 30.4 159.47 10 26.8 114.54 58 
53.3 168.71 76 51.0 91.01 107 27.9 89.68 79 
55.0 136.85 59 45.0 50.77 101 3 Day^ A 
75.0 213.99 42 45.4 144.29 76 43.0 122.31 41 
61.7 110.62 77 54.2 123.71 83 39.7 72.33 105 
56.4 90.15 92 63.1 170.15 56 59.3 119.08 36 
66.4 92.95 90 53.4 99.71 40 47.1 90.05 8 
58.8 154.94 143 62.8 86.93 44 48.7 138.78 68 
76.6 158.53 60 64.7 36.14 86 46.2 111.51 122 
50.2 79.98 71 52.2 116.87 63 54.0 81.16 53 
51.5 83.09 103 49.6 74.41 69 40.2 87.49 116 
55.0 127.18 80 61.2 36.35 17 48.8 64.14 49 
72.3 127.28 93 45.2 19.92 54 50.3 70.30 73 
77.3 204.74 99 48.8 74.81 21 55.5 62.23 50 
63.0 79.61 50 55.3 41.18 49 45.7 93.41 100 
68.4 93.38 96 49.0 152.21 4 76.2 103.94 23 
67.5 133.19 86 35.6 86.82 80 50.0 98.84 59 
60.3 185.53 151 58.9 119.11 60 57.0 110.52 65 
56.0 139.38 118 44.9 109.55 147 56.0 79.59 39 
48.3 90.10 126 54.9 133.91 68 54.4 84.73 48 
64.9 164.89 65 59.8 99.88 152 44.8 78.71 124 
47.2 87.24 24 51.4 99.51 73 50.8 91.90 99 
62.3 118.74 122 52.4 60.96 95 55.9 78.53 120 
50.4 124.54 84 54.9 53.88 78 37.6 70.30 147 
55.2 154.92 104 47.8 84.87 108 28.8 72.64 80 
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Table 10. (Continued) 
Wt(njg) nta^02/ No. 
insect/ spores 
hr X 6666/ 
mg 
3 Day % A 
46.4 133.53 112 
32.3 87.01 87 
49.5 177.24 156 
55.0 98.83 53 
44.1 51.12 129 
33.0 39.51 7 
53.9 149.23 68 
39.0 45.07 47 
50.1 105.37 91 
50.8 71.05 37 
52.9 52.64 46 
59.4 27.41 48 
Table 11. Oxygen uptake nm^C^/insect/hr, of European corn borer larvae 
feeding on diet containing three levels of B. thuringiensis-
BTB-183 spore powder 
Time on 0.0 mg B. thur- 6.25 mg B. thurineiensis 
diet ingiensis spore spore powder/lOOg diet 
hr-min powder/lOOg diet 
1 -30 139.30 247.20 170.54 171.56 82.39 212 .23 131.24 
2 -40 99.83 171.97 139.53 133.96 119.84 182 .88 110.66 
3 -50 99.83 146.17 115.17 115.16 92.37 176 .11 121.52 
5 -0 102.15 137.57 117.38 136.31 69.90 153 .53 109.37 
6 -10 139.30 180.57 121.81 112.81 77.39 155 .79 123.95 
7 -20 190.38 171.97 124.03 103.41 69.90 171 .59 89.92 
8 -30 185.74 150.47 101.88 115.16 104.86 151 .27 114.23 
9 -40 201.99 165.52 115.17 115.16 92.37 146 .76 116.66 
10 -55 218.24 122.53 124.03 162.16 92.37 144 .50 114.23 
12 -5 215.92 141.87 124.03 164.51 84.88 167 .08 123.95 
13 -15 211.27 131.13 139.53 150.41 64.91 119 .66 106.94 
14 -25 211.27 156.92 106.31 136.31 69.90 124 .18 80.20 
15 -35 204.35 159.14 97.49 138.70 67.42 133 .28 94.81 
16 -45 204.35 107.53 101.92 134.00 69.92 97 .14 92.37 
98 
12.50 mg B. thuringiensis 25.00 mg B, thuringiensis 
spore powder/ 100 g diet spore powder/100 g diet 
210.91 125 .52 275.38 81.72 166.19 242.75 92.88 118 .11 230.54 
156.16 110 .37 209.29 60.77 128.80 191.40 71.77 100 .28 188.19 
123.71 108 .21 180.65 64.96 126.72 163.39 99.21 91 .37 164.67 
131.82 97 .38 152.01 77.53 137.11 156.38 30.21 93 .60 159.96 
137.90 93 .06 189.46 83.82 139.19 172.72 71.77 98 .05 152.76 
135.88 93 .06 165.23 75.43 114.26 144.71 80.21 91 .37 136.31 
135.88 93 .06 138.79 69.15 120.49 142.38 880.21 95 .83 162.16 
131.82 106 .04 167.43 69.15 174.50 161.05 99.21 100 .28 120.06 
141.96 123 .35 145.40 67.05 105.95 147.05 88.65 118 .11 190.54 
119.65 123 .35 118.96 58.67 135.03 168.06 94.99 129 .25 169.21 
103.43 125 .52 131.13 75.43 110.15 140.05 97.10 109 .20 185.67 
95.32 134 .17 107.95 64,96 103.f7 133.04 109.86 113 .65 143.50 
91.31 132 .05 110.21 71.25 97.68 130.77 97.11 113 .67 124.75 
123.78 134 .21 116.83 52.39 103.92 151.78 101.33 106 .99 129.29 
Table 12. Oxygen uptake mm^O^/insect/hr, corn borer larvae feeding on diet 
containing three levels of B^. tjuirijiaiens^-HD-1 spore powder 
Time on 0.0 mg B. thur- 25.0 mg B. thuringiensis 
diet ingiensis spore spore powder/lOOg diet 
hr-min powder/lOOg diet 
1-30 174.55 78.16 158.27 96.75 104.98 100.71 110.97 117.24 
2-45 158.12 98.85 135.31 94.55 107.16 79.28 88.79 84.33 
4-25 166.33 137.93 116.28 87.96 85.29 62.14 76.67 100.78 
5-40 186.87 179.31 118.40 109.95 124.66 85.71 78.69 139.86 
7-25 219.72 188.51 74.00 85.76 129.03 45.00 96.85 88.44 
8-40 186.87 213.80 95.14 70.36 115.91 62.14 108.96 90.50 
10-25 205.35 197.71 74.00 65.97 69.08 23.57 80.71 86.39 
11-40 197.14 204.60 122.62 65.97 120.29 87.85 88.78 109.01 
13-25 203.30 227.59 112.05 53.77 122.47 45.00 56.50 92.56 
14-40 184.82 213.80 133.19 52.77 76.55 87.85 96.85 100.78 
16-25 229.99 220.69 160.68 63.77 120.29 62.14 92.81 90.50 
17-40 190.98 245.98 162.79 70.36 131.22 53.37 112.99 119.29 
19-35 248.47 252.88 156.45 43.98 137.78 62.14 74.65 143.98 
20-45 236.15 261.04 147.99 61.57 107.16 81.42 100.89 115.18 
22-35 172.49 197.71 4.23 0.00 0.00 0.00 14.12 28.80 
23-47 182.76 245.98 40.17 15.39 48.11 6.43 40.35 71.99 
25-35 170.44 190.81 25.37 0.00 19.68 0.00 0.00 0.00 
26-50 178.65 232.19 71.88 0.00 63.42 0.00 2.02 2.06 
28-5 186.87 248.98 65.54 24.19 87.48 0.00 30.27 43.19 
42-45 205.35 308.05 38.06 32.98 50.30 - - 66.58 63.76 
44-7 201.24 287.36 65.54 48.38 54.68 - - 72.64 75.10 
45-22 217.67 294.26 46.51 35.18 54.68 52.46 61.71 
46 -40 223.83 273.56 71.88 59.37 94.04 — 46.41 - -
48-15 221,79 346,72 10.57 0.00 - - 28.25 
49-25 221.78 331.04 99.37 50.57 - - - - 70.62 - -
66-45 __ a  308.05 67.65 28.59 - - 68.60 - -
68-0 " - 298.86 50.74 39.58 - - 46.41 - -
69-45 278.17 59.20 43.98 - - 54.48 
71-0 250.58 54.97 35.18 46.41 
72-20 - - 234.49 65.54 39.58 — - - - 38.34 
^Larvae died. 
100 
50.0 mg B. thuringiensis 
spore powder/100 g diet 
100.0 mg B. thuringiensis 
spore powder/100 g diet 
138.92 108.06 151.83 105.80 83.77 115.78 152.96 111.24 122.91 
102.59 106.02 108.75 96.40 59.84 106.87 115.23 99.89 95.83 
121.82 75.44 121.06 91.70 98.13 84.61 125.72 95.35 87.49 
109.00 95.83 84.12 98.75 81.38 97.97 119.43 115.79 97.91 
94.04 71.36 75.92 110.51 90.95 55.66 134.10 90.81 58.33 
91.90 81.56 119.00 136.37 64.62 69.02 96.38 113.52 66.66 
98.31 73.40 96.43 77.59 71.81 42.30 92.19 111.24 47.91 
68.39 97.87 61.55 65.83 38.30 60.12 94.29 111.24 54.16 
83.35 55.05 67.71 56.43 69.41 60.12 98.48 133.95 43.75 
64.12 57.09 53.35 101.10 52.66 46.76 125.72 95.35 47.91 
98.31 65.24 69.76 117.56 126.86 57.89 106.86 129.41 54.16 
94.04 103.98 61.55 70.54 105.31 62.34 88.00 131.68 58.33 
89.76 65.24 67.71 148.13 78.99 60.12 65.53 140.76 43.75 
104.72 75.44 112.85 94.05 55.05 62.34 100.57 138.49 45.83 
47.02 0.00 0.00 0.00 0.00 0.00 16.76 11.35 0.00 
12.82 50.97 63.61 4.70 45.48 11.13 37.72 47.68 2.08 
0.00 0.00 9.40 0.00 0.00 16.14 0.00 0.00 
40.61 -  - 22.57 28.21 0.00 0.00 39.81 11.35 0.00 
61.98 52.30 58.78 0.00 31.17 52.38 36.32 12.50 
49.16 - - 71.81 45.41 — 
53.43 - - -  - 36.32 
57.70 -- — 38.60 
76.94 — 45.41 
51.29 — 29.51 
49.16 -  - 45.41 
89.76 -  - - - — -  - -  - 81.73 -  -
49.16 
-  -
45.41 
45.41 
31.78 
47.67 
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Table 13. Data on weight, food consumption, percentage digestion, and 
P. pvraustae spore number for European corn borers ranging 
in age from day 7 of larval life to the pupal stage 
Wt(mg) Food Percentage P. py- Wt(mg) Food Percentage P. py-
consumed digestion raustae consumed digestion raustae 
(mg) spores spores 
X 6666/mg x 6666/mg 
7 Day Normal 9 Day Normal 
6.5 2.84 31.79 0 27.1 14.37 40.33 0 
7.0 2.70 32.34 0 22.3 11.33 41.20 0 
5.5 2.22 41.38 0 23.6 11.13 43.31 0 
6.7 2.65 35.93 0 27.0 13.19 42.26 0 
7.5 3.52 38.67 0 22.8 12.47 36.03 0 
5.0 2.42 36.32 0 19.9 8.87 40.46 0 
6.5 1.46 53.25 0 20.0 11.77 43.70 0 
7.3 3.20 34.50 0 19.5 12.16 36.54 0 
7 Day P. pvraustae 9 Day P. pvraustae 
8.0 3.67 36.92 1 30.2 13.77 30.19 1 
9.5 3,95 33.17 3 25.1 10.40 37.16 12 
6.0 4.10 40.24 3 25.5 15.26 37.80 2 
6.5 2.51 34.74 0 31.2 15.92 41.39 0 
7.0 2.53 19.76 2 25.6 13.10 35.30 12 
9.0 3.83 39.13 5 36.0 18.62 32.42 1 
10.5 3.91 34.95 4 32.7 18.24 41.82 4 
8.0 4.09 34.54 1 23.5 10.09 37.13 3 
8 Day Normal 10 Day Normal 
9.8 6.33 51.97 0 26.6 15.14 46.61 0 
10.6 4.57 47.94 0 26.9 14.11 49.31 0 
15.5 5.56 38.52 0 38.2 19.95 41.58 0 
11.2 4.28 38.91 0 34.1 18.74 37.54 0 
16.6 6.40 41.10 0 37.0 19.83 41.24 0 
9.0 3.43 36.54 0 31.5 19.74 41.73 0 
16.9 8.93 45.75 0 29.0 17.03 39.80 0 
15.0 5 .40 30.16 0 34.1 15.81 35.83 0 
8 Day P. pvraustae 10 Day P. pvraustae 
19.7 8.98 34.46 2 52.3 37.85 42.02 2 
19.7 9.22 37.03 4 53.0 34.13 39.74 0 
15.5 6.85 39.18 1 38.1 29.04 47.44 22 
13.7 6.94 28.94 1 24.5 22.88 36.78 6 
12.5 4.59 29.63 1 43.7 24.00 42.21 1 
18.3 8.41 38.05 3 35.0 20.00 42.64 0 
20.4 8.05 26.30 2 44.1 27.25 42.11 0 
14.9 5.91 37.35 2 43.8 29.29 47.19 0 
1Ô2 
Table 13. (Continued) 
Wt(mg) Food Percentage P. py-
consumed digestion raustae 
(mg) spores 
X 6666/mg 
Wt(mg) Food Percentage P. pv-
consumed digestion raustae 
spores 
X 6666/mg 
11 Day Normal 13 Day Normal 
47.3 34.01 47.41 0 53.2 47.02 44.06 0 
57.7 34.51 47.31 0 83.2 72.93 44.51 0 
44.1 31.33 49.59 0 89.3 86.71 43.13 0 
45.6 2:. 17 43.56 0 92.8 91.54 44.50 0 
57.0 34.22 37.78 0 93.8 90.99 39.04 0 
51.3 28.07 41.37 0 74.2 70.83 43.62 0 
39.2 24.53 39.28 0 104.7 95.43 43.16 0 
49.6 26.19 42.07 0 97.1 95.24 49.95 0 
11 Day P. pyraustae 13 Day P. pyraustae 
57.6 40.54 38.69 0 88.2 94.36 52.10 4 
61.1 51.42 49.93 4 84.0 89.78 46.24 1 
50.3 34.14 42.13 2 97.9 115.27 44.53 9 
51.7 37.90 40.53 2 95.9 104.81 37.35 2 
69.1 69.26 56.94 1 83.1 76.81 41.84 4 
76.1 61.36 42.86 3 96.0 103.01 40.78 0 
64.7 47.93 44.57 5 95.1 104.11 41.23 0 
53.2 35.57 37.73 8 111.0 104.54 37.30 0 
12 Day Normal 14 Day Normal 
74.1 59.36 39.11 0 103.1 115.91 40.52 0 
53.2 37.41 44.51 0 91.7 98.79 42.69 0 
82.2 79.30 42.70 0 85.6 131.10 50.70 0 
78.9 67.60 48.14 0 93.6 103.96 44.88 0 
90.5 84.24 48.90 0 119.6 144.37 44.16 0 
80.9 70.68 45.04 0 93.3 103.79 44.07 0 
57.4 47.98 44.31 0 94.1 111.43 44.08 0 
65.6 48.48 45.68 0 113.8 134.15 41.69 0 
12 Dav P. pyraustae 14 Day P. pyraustae 
83.0 89.96 47.68 0 98.8 131.00 43.20 6 
84.9 77.71 39.18 0 82.5 128.59 52.92 7 
83.9 76.39 44.03 35 97.1 122.32 42.10 65 
74.1 53.14 43.04 3 81.7 105.84 44.43 9 
90.9 75.74 35.21 3 103.4 116.19 43.26 10 
83.7 82.81 44.94 13 100.9 143.80 47.60 6 
80.0 85.08 42.57 0 102.0 113.99 40.92 2 
95.3 72.39 45.70 10 105.5 126.15 40.22 6 
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Table 13. (Continued) 
Wt(mg) Food Percentage P. py-
consumed digestion raustae 
spores 
X 6666/mg 
95.4 133.80 35.61 0 
94.8 130.40 30.77 0 
96.4 148.65 37.02 0 
96.1 141.76 41.35 0 
91.9 141.01 45.39 0 
84.2 136.19 40.94 0 
93.6 141.15 38.24 0 
99.3 15S.63 36.88 0 
Pupae P. pvraustae 
84.1 173.25 57.48 22 
81.6 134.72 40.92 23 
80.1 123.88 35.62 27 
88.1 144.96 38.79 8 
88.0 133.92 37.55 27 
81.3 118.60 40.33 18 
84.0 140.59 46.21 10 
87.8 122.24 33.45 19 
